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TITLE OF THE INVENTION 

Apparatus and Method for Gene Examination 

BACKGROUND OF THE INVENTION 

This invention relates to an instrument for 
sample preparation for preparing samples in carrying 
out gene diagnosis using whole blood or a solution 
containing cultured cells, to an apparatus for gene 
examination with which gene examination, from sample 
preparation to detection of target genes, can be 
performed in a simple and easy manner, and to . a method 
of gene examination. 

The Human Genome Project was started in the 
1980 's on a worldwide scale and it is expected that 
information of the whole genome sequences will be 
obtained at the beginning of the 21st century. Once 
the whole genome sequence information is obtained, it 
will probably become possible to discriminate genes by 
gene types as to whether they are normal or abnormal 
and the development of gene examination methods and 
gene treatments or gene therapy using genetic 
engineering techniques will be accelerated sharply. 
The number of currently known gene-related diseases is 
said to amount to 8,450. In spite of this fact, the 
kinds of gene examination to which health insurance is 
applicable under the current system in Japain are 
limited to some of infectious diseases. This is 
because diseases resulting from gene mutation more 



highly probably involve multiple mutations as compared 
with hereditary diseases due to monolithic mutation. 
Therefore, it is necessary to carry out the gene 
examination for a wide variety of genes, hence the 
examination becomes expensive; this is a problem from 
the medical management viewpoint. Another reason is 
that any appropriate examination method has not been 
established as yet, hence it is not yet possible to 
carry out the examination in a stable manner at any 
time and at any place. 

The polymerase chain reaction (PGR) technique, 
which can serve as an effective technology for gene 
analysis for detecting target genes, is a technology 
capable of amplifying trace amounts of genes with high 
efficiency and can markedly improve the detection 
sensitivity. 

A plurality of kits for extracting DNA or RNA 
from tissues or whole blood have been put on sale from 
Qiagen (Germany), Stratagene (USA) and other companies. 
The working time required for the extraction is about 
30 minutes to about 3 hours and varies from kit to kit. 
Automated nucleic acid extractors have been put on sale 
from Toyobo, Kurabo and other companies. Also 
available as apparatus for real time detection of PGR 
products are ABIPRISM 7700 (Perkin Elmer, USA) and 
Light Gycler TM (Roche Diagnostics, Germany) among 
others . 

In JP-A (Kokai) H04 (1992) -207195 , there is 
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reported a method of collecting viral nucleotide 
fractions, or a method of testing for viruses, which 
comprises adding a resin capable of adsorbing viruses 
to a suspension containing a virus for capturing the 
virus, collecting the resin on a filter, passing a 
solution capable of lyzing the virus through the filter, 
recovering a viral nucleotide fraction-containing 
solution and thus collecting the nucleotide fraction 
for testing for viruses or for other purposes. 

In JP-A H04 (1992) -36198 , there is reported a 
method of testing for bacteria capable of causing food 
poisoning. According to the testing method described 
in JP-A H04-36198, a bacteria-containing suspension is 
passed through a first rough filter to separate an 
insoluble solid fraction. A lyzing reagent is then 
added to the filtrate to thereby cause bacterial 
components to be dissolved therein. A fine insoluble 
solid fraction is further removed by means of a second 
filter. To the thus-obtained filtrate is added an 
aggregation agent for nucleic acid components to 
precipitate nucleic acid components, and the nucleic 
acid components are captured in a third filter. This 
is washed, and an aqueous solution is passed through 
the third filter to elute the nucleic acid components. 
The thus-eluted nucleic acid components are subjected 
to a polymerase chain reaction to amplify the desired 
bacterial DNA and thereby detect the target organism 
causative of food poisoning. 



In JP-A H07 (1995) -98314 , there is reported an 
apparatus for testing for occult blood in stools. In 
the apparatus for testing for occult blood in stools as 
described in JP-A H07-98314, a solution prepared by 
dissolving a stool sample is first deprived of the 
solid matter by a separating filter* Then, the solid- 
free stool sample solution is dropped onto a measuring 
filter. When occult blood is present, blood hemoglobin 
(Hb) reacts, on the measuring filter, with a first 
antibody and a second antibody according to the 
sandwich method to form an immunocomplex . As a result, 
the measuring filter is colored. Conversely, if occult 
blood is absent, the measuring filter remains in an 
uncolored state. Therefore, the presence or absence of 
occult blood can readily be judged by judging, by the 
eye, as to whether the measuring filter has been 
colored or not colored. 

SUMMARY OF THE INVENTION 

Currently, there is no system existing for 
carrying out the steps of extraction of DNA or RNA from 
a sample, PCR and detection fully automatically. In 
manual operations, contamination with materials that 
affect the testing is highly possible between steps and 
thus there may arise the problem that test results may 
differ entirely from one another. The prior art 
apparatus and kits are all far from being fully 
automated. They perform a specific step or steps, for 



example extraction alone or PGR amplification and PGR 
product detection alone, hence do not meet the 
requirements, from the sites of testing, that testing 
can be carried out anytime and anywhere in a simple and 
easy and stable manner. Namely, the problem of the 
existing kits or apparatus is that it is impossible to 
do all steps, from pretreatment to detection, by using 
only one application unit. 

As explained hereinabove, when the currently 
available kits or apparatus are used, it is not 
possible to carry out all the steps, from pretreatment 
for extracting DNA or RNA to PGR amplification and PGR 
product detection, by using one and the same 
application unit but it is necessary to use several 
application units, and the problem is that the 
possibility of contamination by substances affecting 
the testing becomes very high between steps. 

Accordingly, it is an object of the present 
invention to provide an apparatus for gene examination, 
a method of gene examination and an instrument for 
sample preparation, by which all the steps, from sample 
pretreatment step to PGR amplification and PGR product 
detection steps, can be carried out using one and the 
same application unit (sample preparation unit) and 
contamination between steps can be thereby prevented 
and which makes it easy to treat a number of specimens 
simultaneously . 

In accordance with the invention, a sample 



preparation instrument is used which has a plurality of 
sample preparation units (application units) each 
having a cell capturing filter and a polynucleotide 
capturing filter both equipped in advance. It is 
possible to continuously carry out the procedure 
comprising pouring whole blood or a cultured cell 
suspension, supplemented with a buffer solution for 
cells, into each sample preparation unit, then adding a 
denaturing agent, further adding a PGR amplification 
reaction mixture, amplifying a target gene and 
detecting the same. It is thus possible to carry out 
the steps from sample pretreatment step to PGR 
amplification and PGR product detection steps by using 
one and the same sample preparation unit. The 
contamination between steps can be avoided and a number 
of specimens can be easily treated simultaneously. 

Typical constitutions of the invention have the 
following characteristics. 

(CI) An apparatus for gene examination which 
comprises a sample preparation instrument comprising 
one or a plurality of sample preparation units each 
comprising an upper opening, into which a buffer 
solution with cells suspended therein is poured, a 
lower opening, through which a waste liquor is 
discharged, a channel connecting these openings and. 
provided with a first filter for capturing the cells, a 
second filter for capturing polynucleotides eluted from 
the cells by means of a denaturing agent poured into 



the upper opening and holding or retaining a PGR 
amplification reaction mixture containing reagents for 
the PGR amplification reaction for amplifying the copy 
of a desired partial target base sequence in the 
polynucleotides captured, inclusive of a PGR primer 
labeled with a fluorophore and a hydrophobic third 
filter, the three filters being arranged in the channel 
in that order in the direction from the upper opening 
to the lower opening, a member for holding the sample 
preparation unit or units and a means for controlling 
the temperature of the PGR amplification reaction 
mixture; an irradiation means for irradiating the PGR 
amplification reaction mixture with a laser beam 
capable of exciting the fluorophore label labeling the 
copy in the direction substantially perpendicular or 
substantially parallel to the second filter; and a 
detection means for detecting the fluorescence from the 
fluorophore label labeling the copy in the direction 
substantially perpendicular to the second filter • 
(C2) A sample preparation unit which comprises an 
upper opening, into which a buffer solution with ceils 
suspended therein is poured, a lower opening, through 
which a waste liquor is discharged, a channel 
connecting these openings and is provided with a first 
filter for capturing the cells, a second filter for 
capturing polynucleotides eluted from the cells by 
means of a denaturing agent poured into the upper 
opening and holding or retaining a PGR amplification 



reaction mixture containing reagents for the PGR 
amplification reaction for amplifying the copy of a 
desired partial target base sequence in the 
polynucleotides captured, inclusive of a PGR primer 
labeled with a fluorophore, and a hydrophobic third 
filter, the three filters being arranged in the channel 
in that order in the direction from the upper opening 
to the lower opening. 

(C3) A method of gene examination using a sample 
preparation instrument comprising one or a plurality of 
sample preparation units each having a channel 
connecting an upper opening with a lower opening and a 
first filter, a second filter and a hydrophobic third 
filter arranged in the channel in that order in the 
direction from the upper opening to the lower opening, 
which method comprises (1) the step of pouring a buffer 
solution containing cells suspended therein into the 
upper opening of the sample preparation unit and 
capturing the cells on the first filter, (2) the step 
of pouring a denaturing agent into the upper opening 
and capturing polynucleotides thus eluted from the 
cells on the second filter, (3) the step of pouring, 
into the upper opening, a PGR amplification reaction 
mixture containing reagents for the PGR amplification 
reaction for amplifying the copy of a desired partial 
base sequence in the polynucleotides, inclusive of a 
PGR primer labeled with a fluorophore to thereby cause 
the PGR amplification reaction mixture to be held or 



8 



retained in the second filter and amplifying the copy 
and (4) the step of irradiating the PGR amplification 
reaction mixture with a laser beam capable of exciting 
the fluorophore label labeling the copy for detecting 
the fluorescence from the fluorophore label, 
(C4) A sample preparation instrument which has a 
plurality of sample preparation units each comprising a 
first member having a first opening formed at the top 
thereof^ into which a buffer solution with cells 
suspended therein is poured, and a first filter formed 
in the lower part thereof for capturing the cells, a 
second member having a second opening formed at the top 
thereof and a second filter, in the lower part thereof, 
for capturing polynucleotides eluted from the cells by 
means of a denaturing agent poured through the first 
opening and holding or retaining a PGR amplification 
reaction mixture containing reagents for the PGR 
amplification reaction for amplifying the copy of a 
desired partial base sequence in the polynucleotides^ 
inclusive of a PGR primer labeled with a fluorophore, a 
third member having a hydrophobic third filter, and a 
means for controlling the temperature of the PGR 
amplification reaction mixture, the first member, the 
second member and the third member being arranged in 
that order from above. 

(G5) A sample preparation instrument which has a 
plurality of sample preparation units each comprising a 
first member having a first opening formed at the top 



thereof, into which a buffer solution with cells 
suspended therein is poured, and a first filter formed 
in the lower part thereof for capturing the cells, a 
second member having a second opening formed at the top 
thereof and a second filter, in the lower part thereof, 
for capturing polynucleotides eluted from the cells by. 
means of a denaturing agent poured through the first 
opening and holding or retaining a PGR amplification 
reaction mixture containing reagents for the PGR 
amplification reaction for amplifying the copy of a 
desired partial base sequence in the polynucleotides, 
inclusive of a PGR primer labeled with a fluorophore, a 
third member having a hydrophobic third filter, a 
transparent fourth member having a through hole, and a 
means for controlling the temperature of the PGR 
amplification reaction mixture, the first member, the 
fourth member, the second member and the third member 
being arranged in that order from above, the first 
filter and the second filter being opposed to each 
other via the through hole, and the second filter and 
the third filter being opposed to each other. 
(C5) A sample preparation instrument which comprises 
a plurality of sample preparation units each comprising 
a first member having a first through hole, a first 
opening formed at the top thereof, into which a buffer 
solution with cells suspended therein is poured, and a 
first filter formed below the first opening for 
capturing the cells, a second member having a second 
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opening at the top thereof and a second filter, in the 
lower part thereof^ for capturing polynucleotides 
eluted from the cells by means of a denaturing agent 
poured through the first opening and holding or 
retaining a PGR amplification reaction mixture 
containing reagents for the PGR amplification reaction 
for amplifying the copy of a desired partial base 
sequence in the polynucleotides, inclusive of a PGR 
primer labeled with a fluorophore, a third member 
having a hydrophobic third filter, and a means for 
controlling the temperature of the PGR amplification 
reaction mixture, the first member, the second member 
and the third member being arranged in that order from 
above, the first through hole and the second opening 
being opposed to each other, the second filter and the 
third filter being opposed to each other, and a channel 
being formed for connecting the first filter to the 
second filter. 

(G7) A sample preparation instrument which comprises 
a plurality of sample preparation units each comprising 
a first member having a first through hole, a first 
opening formed at the top thereof, into which a buffer 
solution with cells suspended therein is poured, and a 
first filter formed below the first opening for 
capturing the cells, a second member having a second 
filter, in the lower part thereof, for capturing 
polynucleotides eluted from the cells by means of a 
denaturing agent poured through the first opening and 



holding or retaining a PGR amplification reaction 
mixture containing reagents for the PGR amplification 
reaction for amplifying the copy of a desired partial 
base sequence in the polynucleotides, inclusive of a 
PGR primer labeled with a fluorophore, a third member 
having a hydrophobic third filter and a transparent 
fourth member having a second through hole and a second 
opening at the top, and a means for controlling the 
temperature of the PGR amplification reaction mixture, 
the first member, the fourth member, the second member 
and the third member being arranged in that order from 
above, the first through hole and the second filter 
being opposed to each other via the second through hole, 
the second filter and the third filter being opposed to 
each other, and a channel being formed for connecting 
the first filter to the second filter. 
(G8) An apparatus for gene examination which 
comprises a sample preparation instrument comprising a 
plurality of sample preparation units , each having a 
first, a second, a third and a fourth region, and thus 
comprising a first member having a plurality of first 
regions each formed therein and having a first opening 
formed at the top, into which a buffer solution with 
cells suspended therein is poured, and a first filter 
formed in the lower part for capturing the cells, a 
second member having a plurality of second regions each 
formed therein and having a second opening at the top 
and a second filter for capturing polynucleotides 



eluted from the cells by means of a denaturing agent 
poured into the first opening and holding or retaining 
a PGR amplification reaction mixture containing 
reagents for the PGR amplification reaction for 
amplifying the copy of a desired partial target base 
sequence in the polynucleotides captured, inclusive of 
a PGR primer labeled with a fluorophore, a third member 
having a plurality of third regions each formed therein 
and having a hydrophobic third filter, and means for 
controlling the temperature of the PGR amplification 
reaction mixture, the first member, the second member 
and the third member being arranged in that order from 
above; an irradiation means for irradiating the PGR 
amplification reaction mixture in each sample 
preparation unit with a laser beam capable of exciting 
the fluorophore label labeling the copy in the 
direction substantially perpendicular to the second 
filter in each sample preparation unit substantially 
simultaneously for the plurality of sample preparation 
units; and a detection means for detecting, 
substantially simultaneously for the plurality of 
sample preparation units, the fluorescence from the 
fluorophore label labeling the copy in the PGR 
amplification reaction mixture in each sample 
preparation unit in the direction substantially 
perpendicular to the second filter* 
(G9) An apparatus for gene examination which 
comprises a sample preparation instrument comprising a 



plurality of sample preparation units , each having a 
first, a second, a third and a fourth region, and thus 
comprising a first member having a plurality of first 
regions each formed therein and having a first opening 
formed at the top, into which a buffer solution with 
cells suspended therein is poured, and a first filter 
formed in the lower part for capturing the cells, a 
second member having a plurality of second regions each 
formed therein and having a second opening at the top 
and a second filter for capturing polynucleotides 
eiuted from the cells by means of a denaturing agent 
poured into the first opening and holding or retaining 
a PGR amplification reaction mixture containing 
reagents for the PGR amplification reaction for 
amplifying the copy of a desired partial target base 
sequence in the polynucleotides captured, inclusive of 
a PGR primer labeled with a fluorophore, a third member 
having a plurality of third regions each formed therein 
and having a hydrophobic third filter, a transparent 
fourth member having a plurality of fourth regions each 
having a through hole formed therein, and means for 
controlling the temperature of the PGR amplification 
reaction mixture, the first member^ the fourth member, 
the second member and the third member being arranged 
in that order from above, the first filter and the 
second filter being opposed to each other via the 
through hole, and the second filter and the third 
filter being opposed to each other; an irradiation 



means for irradiating the PGR amplification reaction 
mixture in each sample preparation unit with a laser 
beam capable of exciting the fluorophore label labeling 
the copy in the direction substantially parallel to the 
second filter in each sample preparation unit 
substantially simultaneously for the plurality of 
sample preparation units; and a detection means for 
detecting/ substantially simultaneously for the 
plurality of sample preparation units, the fluorescence 
from the fluorophore label labeling the copy in the PGR 
amplification reaction mixture in each sample 
preparation unit in the direction substantially 
perpendicular to the second filter, 
(GIO) An apparatus for gene examination which 
comprises a sample preparation instrument comprising a 
plurality of sample preparation units, each having a 
first, a second, a third and a fourth region, and thus 
comprising a first member having a plurality of first 
regions each formed therein and having a first through 
hole, a first opening formed at the top, into which a 
buffer solution with cells suspended therein is poured, 
and a first filter formed below the first opening for 
capturing the cells, a second member having a plurality 
of second regions each formed therein and having a 
second opening at the top and a second filter for 
capturing polynucleotides eluted from the cells by 
means of a denaturing agent poured into the first 
opening and holding or retaining a PGR amplification 



reaction mixture containing reagents for the PGR 
amplification reaction for amplifying the copy of a 
desired partial target base sequence in the 
polynucleotides captured, inclusive of a PGR primer 
labeled with a fluorophore, a third member having a 
plurality of third regions each formed therein and 
having a hydrophobic third filter^ and means for 
controlling the temperature of the PGR amplification 
reaction mixture, the first member, the second member 
and the third member being arranged in that order from 
above, the first through hole and the second opening 
being opposed to each other, the second filter and the 
third filter being opposed to each other, and a channel 
being formed for connecting the first filter to the 
second filter; an irradiation means for irradiating the 
PGR amplification reaction mixture in each sample 
preparation unit with a laser beam capable of exciting 
the fluorophore label labeling the copy in the 
direction substantially perpendicular to the second 
filter in each sample preparation unit substantially 
simultaneously for the plurality of sample preparation 
units; and a detection means for detecting, 
substantially simultaneously for the plurality of 
sample preparation units, the fluorescence from the 
fluorophore label labeling the copy in the PGR 
amplification reaction mixture in each sample 
preparation unit in the direction substantially 
perpendicular to the second filter. 



(Cll) An apparatus for gene examination which 
comprises a sample preparation instrioment comprising a 
plurality of sample preparation units, each having a 
first, a second, a third and a fourth region, and thus 
comprising a first member having a plurality of first 
regions each formed therein and having a through hole, 
a first opening formed at the top, into which a buffer 
solution with cells suspended therein is poured, and a 
first filter formed below the first opening for 
capturing the cells, a second member having a plurality 
of second regions each formed therein and having a 
second filter for capturing polynucleotides eluted from 
the cells by means of a denaturing agent poured into 
the first opening and holding or retaining a PGR 
amplification reaction mixture containing reagents for 
the PGR amplification reaction for amplifying the copy 
of a desired partial target base sequence in the 
polynucleotides captured, inclusive of a PGR primer 
labeled with a fluorophore, a third member having a 
plurality of third regions each formed therein and 
having a hydrophobic third filter, a transparent fourth 
member having a plurality of fourth regions each formed 
therein and having a through hole and a second opening 
at the top, and means for controlling the temperature 
of the PGR amplification reaction mixture, the first 
-member, the fourth member, the second member and the 
third member being arranged in that order from above, 
the first through hole and the second filter being 



opposed to each other via the second through hole, the 
second filter and the third filter being opposed to 
each other, and a channel being formed for connecting 
the first filter to the second filter; an irradiation 
means for irradiating the PGR amplification reaction 
mixture in each sample preparation unit with a laser 
beam capable of exciting the fluorophore label labeling 
the copy in the PGR reaction mixture in the direction 
substantially parallel to the second filter in each 
sample preparation unit substantially simultaneously 
for the plurality of sample preparation units; and a 
detection means for detecting, substantially 
simultaneously for the plurality of sample preparation 
units, the fluorescence from the fluorophore label 
labeling the copy in the PGR amplification reaction 
mixture in each sample preparation unit in the 
direction substantially perpendicular to the second 
filter. 

(C12) A method of gene examination using a sample 
preparation instrument comprising a plurality of sample 
preparation units, each having a first, a second and a 
third region, and thus comprising a first member having 
a plurality of first regions each formed therein and 
having a first opening formed at the top and a first 
filter formed in the lower part thereof, a second 
member having a plurality of second regions each formed 
therein and having a second opening at the top and a 
second filter in the lower part thereof and a third 
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member having a plurality of third regions each formed 
therein and having a hydrophobic third filter^ with the 
first member^ the second member and the third member 
being arranged in that order from above, which method 
comprises (1) the step of pouring a buffer solution 
with cells suspended therein into the first opening and 
capturing the cells on the first filter, (2) the step 
of pouring a denaturing agent into the first opening 
and capturing polynucleotides thereby eluted from the 
cells on the second filter, (3) pouring a PCT 
amplification reaction mixture containing reagents for 
the PGR amplification reaction for amplifying the copy 
of a desired partial target base sequence in the 
polynucleotides captured, inclusive of a PGR primer 
labeled with a fluorophore, into the first opening, 
allowing the PGR amplification reaction mixture to be 
held or retained by the second filter and amplifying 
the copy, (4) the step of irradiating the PGR 
amplification reaction mixture in each sample 
preparation unit with a laser beam capable of exciting 
the fluorophore label labeling the copy in the 
direction substantially perpendicular to the second 
filter in each sample preparation unit substantially 
simultaneously for the plurality of sample preparation 
units and (5) the step of detecting, substantially 
simultaneously for the plurality of sample preparation 
units, the fluorescence from the fluorophore label 
labeling the copy in the PGR amplification reaction 



mixture in each sample preparation unit in the 
direction substantially perpendicular to the second 
filter. 

(CI 3) A method of gene examination using a sample 
preparation instrument comprising a plurality of sample 
preparation units, each having a first, a second, a 
third and a fourth region, and thus comprising a first 
member having a plurality of first regions each formed 
therein and having a first opening formed at the top 
and a first filter formed in the lower part thereof, a 
second member having a plurality of second regions each 
formed therein and having a second opening at the top 
and a second filter in the lower part thereof, a third 
member having a plurality of third regions each formed 
therein and having a hydrophobic third filter and a 
transparent fourth member having a plurality of fourth 
regions each formed therein and having a through hole, 
with the first member, the fourth member, the second 
member and the third member being arranged in that 
order from above, the first filter and the second 
filter being opposed to each other via the through hole 
and the second filter and the third filter being 
opposed to each other, which method comprises (1) the 
step of pouring a buffer solution with cells suspended 
therein into the first opening and capturing the cells 
on the first filter, (2) the step of pouring a 
denaturing agent into the first opening and capturing 
polynucleotides thereby eluted from the cells on the 
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second filter, (3) pouring a PCT amplification reaction 
mixture containing reagents for the PGR amplification 
reaction for amplifying the copy of a desired partial 
target base sequence in the polynucleotides captured, 
inclusive of a PGR primer labeled with a fluorophore, 
into the first opening, allowing the PGR amplification 
reaction mixture to be held or retained and amplifying 
the copy, (4) the step of irradiating the PGR 
amplification reaction mixture in each sample 
preparation unit with a laser beam capable of exciting 
the fluorophore label labeling the copy in the PGR 
amplification mixture in each sample preparation unit 
in the direction substantially parallel to the second 
filter in each sample preparation unit substantially 
simultaneously for the plurality of sample preparation 
units and (5) the step of detecting, substantially 
simultaneously for the plurality of sample preparation 
units, the fluorescence from the fluorophore label 
labeling the copy in the PGR amplification reaction 
mixture in each sample preparation unit in the 
direction substantially perpendicular to the second 
filter in each sample preparation unit. 
(G14) A method of gene examination using a sample 
preparation instrument comprising a plurality of sample 
preparation units, each having a first, a second and a 
third region, and thus comprising a first member having 
a plurality of first regions each formed therein and 
having a first through hole, a first opening f canned at 



the top and a first filter formed below the first 
opening^ a second member having a plurality of second 
regions each formed therein and having a second opening 
at the top and a second filter in the lower part 
thereof and a third member having a plurality of third 
regions each formed therein and having a hydrophobic 
third filter, with the first member, the second member 
and the third member being arranged in that order from 
above, the first through hole and the second opening 
being opposed to each other, the second filter and the 
third filter being opposed to each other and a channel 
being formed for connecting the first filter to the 
second filter, which method comprises (1) the step of 
pouring a buffer solution with cells suspended therein 
into the first opening and capturing the cells on the 
first filter, (2) the step of pouring a denaturing 
agent into the first opening and capturing 
polynucleotides thereby eluted from the cells on the 
second filter, (3) pouring a PGT amplification reaction 
mixture containing reagents for the PGR amplification 
reaction for amplifying the copy of a desired partial 
target base sequence in the polynucleotides captured, 
inclusive of a PGR primer labeled with a fluorophore, 
into the first opening, allowing the PGR amplification 
reaction mixture to be held or retained and amplifying 
the copy, (4) the step of irradiating the PGR 
amplification reaction mixture in each sample 
preparation unit with a laser beam capable of exciting 



the fluorophore label labeling the copy in the PGR 
amplification reaction mixture in each sample 
preparation unit in the direction substantially 
perpendicular to the second filter in each sample 
preparation unit substantially simultaneously for the 
plurality of sample preparation units and (5) the step 
of detecting, substantially simultaneously for the 
plurality of sample preparation units, the fluorescence 
from the fluorophore label labeling the copy in the PGR 
amplification reaction mixture in each sample 
preparation unit in the direction substantially 
perpendicular to the second filter in each sample 
preparation unit. 

(C15) A method of gene examination using a sample 
preparation instrument comprising a plurality of sample 
preparation units, each having a first, a second, a 
third and a fourth region, and thus comprising a first 
member having a plurality of first regions each formed 
therein and having a first through hole, a first 
opening formed at the top, into which a buffer solution 
with cells suspended therein is poured, and a first 
filter formed below the first opening for capturing the 
cells, a second member having a plurality of second 
regions each formed therein and having a second filter 
for capturing polynucleotides eluted from the cells by 
means of a denaturing agent poured from the first 
opening and holding or retaining a PGR amplification 
reaction mixture. containing reagents for the PGR 



amplification reaction for amplifying the copy of a 
desired partial base sequence in the polynucleotides^ 
inclusive of a PGR primer labeled with a fluorophore, a 
third member having a plurality of third regions each 
formed therein and having a hydrophobic third filter 
and a transparent fourth member having a plurality of 
fourth regions each formed therein and having a second 
through hole and a second opening at the top, with the 
first member, the fourth member the second member and 
the third member being arranged in that order from 
above, the first through hole and the second filter 
being opposed to each other via the second through hole, 
the second filter and the third filter being opposed to 
each other and a channel being formed for connecting 
the first filter to the second filter, which method 
comprises (1) the step of pouring a buffer solution 
with cells suspended therein into the first opening and 
capturing the cells on the first filter, (2) the step 
of pouring a denaturing agent into the first opening 
and capturing polynucleotides thereby eluted from the 
cells on the second filter, (3) pouring a PCT 
amplification reaction mixture containing reagents for 
the PGR amplification reaction for amplifying the copy 
of a desired partial target base sequence in the 
polynucleotides captured, inclusive of a PGR primer 
labeled with a fluorophore, into the first opening, 
allowing the PGR amplification reaction mixture to be 
held or retained and amplifying the copy, (4) the step 



of irradiating the PGR amplification reaction mixture 
in each sample preparation unit with a laser beam 
capable of exciting the fluorophore label labeling the 
copy in the PGR amplification reaction mixture in each 
sample preparation unit in the direction substantially 
parallel to the second filter in each sample 
preparation unit substantially simultaneously for the 
plurality of sample preparation units and (5) the step 
of detecting;, substantially simultaneously for the 
plurality of sample preparation units, the fluorescence 
from the fluorophore label labeling the copy in the PGR 
amplification reaction mixture in each sample 
preparation unit in the direction substantially 
perpendicular to the second filter. 

(C16) A sample preparation instrument which has a 
plurality of sample preparation units, each having a 
first, a second and a third region, and thus comprising 
a first member having a plurality of first regions each 
formed therein and having a first opening formed at the 
top thereof, into which a buffer solution with cells 
suspended therein is poured, and a first filter formed 
in the lower part thereof for capturing the cells, a 
second member having a plurality of second regions each 
formed therein and having a second opening formed at 
the top thereof and a second filter, in the lower part 
thereof, for capturing polynucleotides eluted from the 
cells by means of a denaturing agent poured through the 
first opening and holding or retaining a PGR 



amplification reaction mixture containing reagents for 
the PGR amplification reaction for amplifying the copy 
of a desired partial base sequence in the 
polynucleotides, inclusive of a PGR primer labeled with 
a fluorophore, a third member having a plurality of 
third regions each formed therein and having a 
hydrophobic third filter, and means for controlling the 
temperature of the PGR amplification reaction mixture, 
the first member, the second member and the third 
member being arranged in that order from above. 
(C17) A sample preparation instrument which comprises 
a plurality of sample preparation units, each having a 
first, a second, a third and a fourth region, and thus 
comprising a first member having a plurality of first 
regions each formed therein and having a first opening 
formed at the top thereof, into which a buffer solution 
with cells suspended therein is poured, and a first 
filter formed in the lower part thereof for capturing 
the cells, a second member having a plurality of second 
regions each formed therein and having a second opening 
at the top thereof and a second filter, in the lower 
part thereof, for capturing polynucleotides eluted from 
the cells by means of a denaturing agent poured through 
the first opening and holding or retaining a PGR 
amplification reaction mixture containing reagents for 
the PGR amplification reaction for amplifying the copy 
of a desired partial base sequence in the 
polynucleotides, inclusive of a PGR primer labeled with 



a f luorophore , a third member having a plurality of 
third regions each formed therein and having a 
hydrophobic third filter, a transparent* fourth member 
having a plurality of fourth regions each formed 
therein and having a through hole, and means for 
controlling the temperature of the PGR amplification 
reaction mixture, the first member, the fourth member, 
the second member and the third member being arranged 
in that order from above, the first filter and the 
second filter being opposed to each other via the 
through hole, and the second filter and the third 
filter being opposed to each other. 

(CI 8) A sample preparation instrument which comprises 
a plurality of sample preparation units, each having a 
first, a second and a third region, and thus comprising 
a first member having a plurality of first regions each 
formed therein and having a first through hole, a first 
opening formed at the top thereof, into which a buffer 
solution with cells suspended therein is poured, and a 
first filter formed below the first opening for 
capturing the cells, a second member having a plurality 
of second regions each formed therein and having a 
second opening at the top and a second filter, in the 
lower part thereof, for capturing polynucleotides 
eluted from the cells by means of a denaturing agent 
poured through the first opening and holding or 
retaining a PGR amplification reaction mixture 
containing reagents for the PGR amplification reaction 



for amplifying the copy of a desired partial base 
sequence in the polynucleotides, inclusive of a PGR 
primer labeled with a fluorophore, a third member 
having a plurality of third regions each formed therein - 
and having a hydrophobic third filter, and means for 
controlling the temperature of the PGR amplification 
reaction mixture, the first member,, the second member 
and the third member being arranged in that order from 
above, the first through hole and the second opening 
being opposed to each other, the second filter and the 
third filter being opposed to each other, and a channel 
being formed for connecting the first filter to the 
second filter, 

(G19) A sample preparation instrument which comprises 
a plurality of sample preparation units, each having a 
first, a second, a third and a fourth region, and thus 
comprising a first member having a plurality of first 
regions each formed therein and having a first through 
hole, a first opening formed at the top thereof, into 
which a buffer solution with cells suspended therein is 
poured, and a first filter formed below the first 
opening for capturing the cells, a second member having 
a plurality of second regions each formed therein and 
having a second filter for capturing polynucleotides 
eluted from the cells by means of a denaturing agent 
poured through the first opening and holding or 
retaining a PGR amplification reaction mixture 
containing reagents for the PGR amplification reaction 
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for amplifying the copy of a desired partial base 
sequence in the polynucleotides, inclusive of a PCR 
primer labeled with a fluorophore, a third member 
having a plurality of third regions each formed therein 
and having a hydrophobic third filter, a transparent 
fourth member having a plurality of fourth regions each 
formed therein and having a second through hole and a 
second opening at the top, and means for controlling 
the temperature of the PCR amplification reaction 
mixture, the first member, the fourth member, the 
second member and the third member being arranged in 
that order from above, the first through hole and the 
second filter being opposed to each other via the 
second through hole, the second filter and the third 
filter being opposed to each other, and a channel being 
formed for connecting the first filter to the second 
filter. 

(C20) A sample preparation instrument which comprises 
a sample preparation unit having an upper opening, into 
which a buffer solution with cells suspended therein is 
poured, a lower opening for discharging a waste liquor, 
a channel connecting the openings, a first filter for 
capturing the cells, a second filter for capturing 
polynucleotides eluted from the cells by means of a 
denaturing agent poured through the first opening and 
holding or retaining a PCR amplification reaction 
mixture containing reagents for the PCR amplification 
reaction for amplifying the copy of a desired partial 
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base sequence in the polynucleotides, inclusive of a 
PGR primer labeled with a fluorophore, and a 
hydrophobic third filter, the filters being arranged in 
that order in the channel in the direction from the 
upper opening to the lower opening; a holding member 
for holding the sample preparation unit; and a means 
for controlling the temperature of the PGR 
amplification reaction mixture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a 
constitution example of the sample preparation 
instrument in a first embodiment of the invention. 

Fig, 2 is a sectional view showing the section 
along A-A' in Fig. 1. 

Fig. 3 is a sectional view illustrating a 
process for purifying a whole blood sample using the 
sample preparation instrument according to the first 
embodiment of the invention . 

Fig. 4 is an illustration showing the principle 
of fluorescence resonance energy transfer which is 
utilized in the first embodiment: of the invention. 

Fig. 5 is a sectional view showing a 
constitution example of a gene detection apparatus for 
real-time detection of the process of amplification of 
a target gene using an optical fiber in the first 
embodiment of the invention. 

Fig. 6 is a sectional view showing a 
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constitution example of the gene detection apparatus 
shown in Fig. 5 in which an optical fiber covered by a 
sheath having an edge-like tip is used. 

Fig. 7 is a sectional view showing a 
constitution example of the gene detection apparatus 
for real-time detection of the process of target gene 
amplification under irradiation of a sample preparation 
unit with a laser beam from below in the first 
embodiment of the invention. 

Fig. 8 is a sectional view showing a 
constitution example of the gene detection apparatus 
for real-time detection of the process of target gene 
amplification under irradiation of a sample preparation 
unit with a laser beam in the horizontal direction in 
the first embodiment of the invention. 

Fig. 9 is a perspective view showing a 
constitution example of the sample preparation 
instrument having a plurality of sample preparation 
units in a second embodiment of the invention. 

Fig. 10 is a sectional view showing a 
constitution example of a gene detection apparatus for 
real-time detection of the process of target gene 
amplification in the second embodiment of the invention. 

Fig. 11 is a sectional view showing a 
constitution example of a gene detection apparatus for 
real-time detection of the process of target gene 
amplification under irradiation of a plurality of 
sample preparation units with a laser beam in the 



horizontal direction in the second embodiment of the 
invention. 

Fig. 12 is a sectional view showing a 
constitution example of a laser irradiation and 
fluorescence detection system for two-dimensional 
scanning in a gene diagnosis apparatus in the second 
embodiment of the invention. 

Fig. 13 is a sectional view showing a 
constitution example of a laser irradiation and 
fluorescence detection system for one-dimensional 
scanning in a gene diagnosis apparatus in the second 
embodiment of the invention. 

Fig. 14 is a perspective view showing a 
constitution example of the sample preparation set in a 
third embodiment of the invention. 

Fig. 15 is an illustration showing a method of 
purifying a plurality of whole blood samples and a 
process for detecting a target gene amplification 
product in a fourth embodiment of the invention in 
which a cassette type sample preparation instrument is 
used. 

Fig« 16 is a perspective view showing a 
constitution example of the sample preparation 
instrument having sample preparation units for 
simultaneously treating a plurality of samples in a 
fifth embodiment of the invention. 

Fig. 17 is a sectional view showing the section 
along A-A' in Fig. 16. 



Fig, 18 is an illustration showing the 
structure of each layer constituting the sample 
preparation instrument in the fifth embodiment of the 
invention. 

Fig. 19 is a perspective view showing a 
constitution example of the sample preparation 
instrument for simultaneously treating a plurality of 
samples in a sixth embodiment of the invention. 

Fig. 20 is a sectional view showing the section 
along A-A' in Fig. 19, 

Fig. 21 is an illustration showing the 
structure of each layer constituting the sample 
preparation instrument in the sixth embodiment of the 
invention. 

Fig. 22 is a perspective view showing a 
modified constitution example of the sample preparation 
instrument of the sixth embodiment of the invention. 

Fig. 23 is a perspective view showing a 
constitution example of the sample preparation 
instrument for simultaneously treating a plurality of 
sample in a seventh embodiment of the invention. 

Fig. 24 is a sectional view showing the section 
along A-A' in Fig. 23. 

Fig. 25 is an illustration showing the 
structure of each layer constituting the sample 
preparation instrument in the seventh embodiment of the 
invention. 

Fig. 26 is a plan view showing a constitution 



example of the sample preparation instrument for 
simultaneously treating a plurality of samples in an 
eighth embodiment of the invention. 

Fig. 27 is' a sectional view showing a 
constitution example of the sample preparation 
instrument in the eighth embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following^ several embodiments are 
described in detail referring to the drawings. 
EMBODIMENT I 

<Pretreatment of blood samples> 

Whole blood is collected from each of patients 
with lung cancer or subjects having a checkup for 
cancer. About one milliliter (mL) is sufficient as the 
blood sample size. The whole blood collected is 
subjected to anticoagulation treatment with sodium 
citrate. 

<Purif ication of total RNA from the sample blood> 

Fig. 1 is a perspective view showing a 
constitution example of the sample preparation 
instrument according to an embodiment of the invention 
and Fig. 2 is a sectional view showing the section 
along A-A' in Fig. 1. As shown in Fig. 1 and Fig. 2, 
the sample preparation instrument 50 is constituted of 
a sample preparation unit 100, a holding member 200 for 
holding the sample preparation unit 100 and a heating 
block 210. The sample preparation unit 100 has an axis 



of rotational symmetry and is constituted of an upper 
hollow cylindrical part having a large first diameter, 
a lower hollow cylindrical part having a small second 
diameter and a bottle neck portion. The upper hollow 
cylindrical part and bottle neck portion of the sample 
preparation unit are put in a hollow portion formed in 
the holding member 200. The lower hollow cylindrical 
part of the sample preparation unit is placed in a 
hollow portion formed in the heating block 210. In the 
sample preparation unit shown in Fig. 1, a filter 
holder 120 for holding a first filter 110, a second 
filter 130 and a filter holder 150 for holding a third 
filter 140 have been omitted. 

The sample preparation unit 100 has an upper 
opening for charging a buffer solution with cells 
suspended therein, a lower opening for discharging a 
waste liquor and a channel connecting these and further 
comprises a first filter (cell capturing filter) 110 
for capturing target cells, for example leukocytes, a 
second filter (polynucleotide capturing filter) 130 for 
capturing polynucleotides eluted from the cells by 
means of a denaturing agent poured through the upper 
opening and holding or retaining a PGR amplification 
reaction mixture containing reagents for the PGR 
amplification reaction for amplifying the copy of a 
desired partial base sequence in the polynucleotides, 
inclusive of a PGR primer labeled with a fluorophore, 
and a hydrophobic third filter (liquid holding filter 



for holding the PGR amplification reaction mixture) 140, 
the three filters being arranged in the channel in that 
order in the direction from the upper opening to the 
lower opening. 

For capturing target cells such as leukocytes, 
the first filter has a thickness of 0.05 mm to 0,5 mm 
and a pore size of 1 Im to 3 Im. For capturing the 
polynucleotides eluted from the cells and holding the 
PGR amplification reaction mixture, the second filter 
has a thickness of 0.1 mm to 0.5 mm and a pore size of 
10 im to 40 im. For holding the PGR amplification 
reaction mixture, the third filter has a thickness of 
0.1 mm to 0.5 mm and a pore size of 10 im to 40 im. 
The first filter 110 is held by the filter holder 120, 
and the second filter 130 and third filter 140 are 
supported by the filter holder 150 made of a plastic 
material or the like. The filter holders 120 and 140 
maintain a constant flow of each liquid charged into 
the sample preparation unit from above and prevent the 
first, second and third filters from being damaged upon 
exertion of pressure on the first, second and third 
filters. 

The first filter 110 and filter holder 120 are 
disposed in the upper hollow cylindrical part of the 
sample preparation unit, and the second filter 130, 
third filter 140 and filter holder 150 are disposed in 
the lower hollow cylindrical part of the sample 
preparation unit. In the heating block 210, there is 
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embedded a Peltier device for raising and lowering the 
temperature of the solution retained in the second 
filter 130 disposed in the lower hollow cylindrical 
part of the sample preparation unit and in a space 
above the filter 130. 

As for the size of the sample preparation 
instrument 50 shown in Fig, 1 and Fig. 2, the lengths 
in the x, y and z directions are, for example, 25 mm, 
25 mm and 60 mm, respectively. The holding member 200 
and heating block 210 are, for example, 50 mm and 10 mm 
long in the z direction, respectively. The outside 
diameter and inside diameter of the upper. hollow 
cylindrical part of the sample preparation unit 100 are 
for example, 20 mm and 18 ram, respectively, and the 
outside diameter and inside diameter of the lower 
hollow cylindrical part are, for example 10 ram and 8 mm 
respectively . 

Fig. 3 is a sectional view showing the process 
for purifying a whole blood specimen using the sample 
preparation instrument according to the embodiment of 
the invention. In Fig. 3, the holding member 200 for 
holding the sample preparation unit 100, the third 
filter 140 and the heating block 210 (except for step 
6) have been omitted for simplicity's sake. For 
disrupting erythrocytes in the whole blood collected 
under osmotic pressure, 9 mL of a 50 mM NaCl solution 
is added to each mL of the blood specimen and the whole 
is stirred. Immediately after stirring, 10 mL of the 



solution 300 containing disrupted erythrocytes is 
poured into a space above the first filter 110 of the 
sample preparation unit 100 (step 1) . 

Under the action of gravity, the solution 300 
passes through the first filter 110 and flows down into 
a space below the first filter 110. However, a 
majority of the solution 300 hardly passes through the 
first filter 110 under the action of gravity alone. 
Therefore, pressure is exerted from above the sample 
preparation unit 100 to cause the solution 300 to pass 
through the first filter 110, On that occasion, 
leukocytes 302 alone in the solution 300 are captured 
by the first filter 110. The solution that has passed 
through the first filter 110 passes through the space 
below the first filter 110, the second filter 130 and 
the third filter 140 and flows out into a waste liquor 
tank. In lieu of the procedure for applying pressure, 
a procedure for applying centrifugal force or a 
procedure for suction from the lower opening, for 
instance, may be utilized for causing the solution to 
pass through the first, second and third filters. Then, 
3 mL of a denaturing agent 310 is poured into a space 
above the first filter 110 (step 2) . 

Like in step 1, pressure is exerted from above 
the sample preparation unit 100 to thereby cause the 
denaturing agent 310 to pass through the first filter 
110. On that occasion, the membrane of the leukocytes 
302 captured on the first filter 110 is disrupted and 
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components 304 other than RNA 320 remain on the first 
filter 110, and the RNA 320 eluted from the leukocytes 
302 passes through the space below the first filter 110 
and is captured on the second filter 130. The 
denaturing agent 310 passes through the third filter 
140 and flows out into the waste liquor tank. The 
second filter 130 preferably has a sufficient thickness 
to hold the RNA to a satisfactory extent. For example, 
the second filter 130 has a thickness of 1 mm. In the 
above manner, the total RNA 320 alone, out of the whole 
blood collected, can be captured on the second filter 
130 (step 3) . 

<Amplif ication of a target gene from the total RNA> 
Using the total RNA purified from the whole 
blood collected, PGR amplification of the target gene 
is carried out for diagnostic purposes. According to 
the presence or absence of this gene amplification 
product or the extent of amplification of the product, 
the subject can be diagnosed as to the occurrence or 
nonoccurrence of cancer metastasis or as to the 
advancement of cancer, for instance. A PGR 
amplification reaction mixture comprising a buffer 
solution for PGR, two primers for amplifying the target 
gene and four deoxynucleotides is prepared in advance. 
A 50-iL portion of the PGR amplification reaction 
mixture 340 is poured into a space above the first 
filter 110 (step 4) . 

Then, pressure is exerted from above the sample 
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preparation unit 100. On that occasion, the pressure 
to be applied is adjusted to a rather low level so that 
the PGR amplification reaction mixture 340 can pass the 
first filter 110 but cannot pass the second filter 130. 
By adjusting the pressure to be applied, the PGR 
amplification reaction mixture 340 is retained in a 
state such that the second filter 130 is soaked or 
filled therewith and the excess PGR amplification 
reaction mixture that the second filter 130 cannot 
retain is retained in a space below the first filter 
but above the second filter 130 in the form of a 
mixture 330 thereof with the total RNA 320. The 
solution 330 containing the total RNA 320 will not leak 
out of the sample preparation unit owing to the 
presence of the hydrophobic third filter 140 (step 5) . 

During the PGR, the raising and lowering of the 
temperature of the mixture retained in the second 
filter 130 and in the space above the second filter 130 
is controlled by means of the heating block 210. The 
PGR amplification of the target gene is effected in the 
solution 330 retained in the second filter 130 and in 
the space above the third filter 140 to give a solution 
containing the PGR amplification product 335 (step 6) . 
<Real-time detection of the PGR product> 

According to a first method for real-time 
detection of the PGR amplification product, a phosphor 
capable of preferentially binding to the newly 
synthesized (amplified) double-stranded DNA and being 
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markedly enhanced in fluorescence intensity is admixed • 
with the PGR amplification reaction mixture 340 in 
advance • As the phosphor, SYBR Green 1 (product of 
Molecular Probe) , for instance, is used. SYBR Green 1 
binds to the newly synthesized (amplified) double- 
stranded DNA, so that the fluorescence intensity is 
directly proportional to the DNA concentration, hence 
the PGR amplification product can be detected 
quantitatively. By detecting the fluorescence 
intensity while carrying out the PGR amplification 
reaction, it is possible to monitor the process of 
amplification of the PGR product. 

A second method for real-time detection of the 
PGR amplification product utilizes the principle of 
fluorescence resonance energy transfer (FRET) . 

Fig. 4 illustrates the principle of 
fluorescence resonance energy transfer to be utilized 
in this example of the invention. FRET occurs only 
when two probes hybridize with the amplification 
product in close vicinity to each other. A 
hybridization probe 23 labeled with a donor dye (Fl) 22 
at the 3' terminus anneals with a single-stranded 
template DNA 21 resulting from denaturation and a 
hybridization probe 25 labeled with an acceptor dye 
(F2) 24 at the 5' terminus hybridizes with the template 
at a site adjacent to the hybridization probe 23. The 
donor dye (Fl) 22 is excited by light 26 from a light 
emitting diode (LED) and the donor dye (Fl) 22 emits 



light having an excitation wavelength for the acceptor 
dye (F2) 24. The acceptor dye {F2) 24 emits light 27 
with a longer wavelength by secondary excitation. 

In cases where any specific DNA allowing such 
adjacent hybridization of the hybridization probes 23 
and 25 therewith is not present, the phenomenon of FRET 
will not occur • As the amount of the PGR product 
increases^ the amount of the probes hybridizing with 
the single-stranded template DNA resulting from 
denaturation increases. The intensity of . the light 27 
resulting from FRET is proportional to the PGR product 
formed from the specific DNA with which the 
hybridization probes 23 and 25 can hybridize adjacently 
to each other. By detecting the light 27 due to FRET, 
it is thus possible to monitor the process of 
amplification of the PGR product on the real time basis. 

Fig. 5 is a sectional view showing a 
constitution example of the gene detection apparatus to 
be used in the first embodiment of the invention for 
real-time detection of the process of amplification of 
a target gene using an optical fiber. The optical 
fiber 31 is inserted into the sample preparation unit 
100 from above, the fiber 31 is passed through the 
first filter 110 by breaking the filter by applying 
pressure to the central portion thereof, and the 
optical fiber 31 is allowed to advance to a position 
close to the level of the solution containing the PGR 
amplification product 335 and retained on the second 



filter 130. Then, a laser beam 380 emitted from a 
light source 370 is reflected by a dichroic mirror 385 
to irradiate the solution containing the PGR 
amplification product 335 via the fiber 31. Upon 
irradiation with the laser beam 3 80, fluorescent light 
is emitted from the fluorophore label in the PGR 
amplification product, and the fluorescent light passes 
through the dichroic mirror 385 and is detected by a 
CCD camera 400. 

Fig. 6 is a sectional view showing a 
constitution example of the gene detection apparatus in 
which the optical fiber in the constitution example 
shown in Fig. 5 is covered with a sheath having an 
edge-like tip. The optical fiber 31 having an outside 
diameter of 100 Im is placed in a sheath 42 having an 
outside diameter of 140 im and an inside diameter of 
120 im, and the end of the sheath 42 is cut by a plane 
crossing with the axis of the hollow cylinder to form 
an edge-like tip 41. The constitution example shown in 
Fig. 5 is the same as the constitution shown in Fig. 5 
except that the optical fiber 31 is covered with the 
sheath 42 having an edge-like tip 41. A hole is made 
in the central portion of the first filter 110 by 
breaking the filter by means of the sheath 42 and the 
sheath 42 is caused to advance to a level above the 
surface of the solution containing the PGR 
amplification product 335. In this condition, the 
optical fiber 31 is pushed from the inside of the 



sheath 42 to come out of the sheath 42^ and the fiber 
31 is caused to approach close to the surface of the 
solution containing the PGR amplification product 335. 
The fluorescence emitted upon irradiation with a laser 
beam is detected in the same manner as in the case 
shown in Fig. 5. 

The process of amplification of the target gene 
can also be detected on the real time basis without 
using any optical fiber • 

Fig. 7 is a sectional view showing a 
constitution example of the gene detection apparatus 
for real-time detection of the process of target gene 
amplification in the first embodiment of the invention 
by irradiating a laser beam from below the sample 
preparation unit. The laser beam 380 enters the sample 
preparation unit 100 from below and passes through the 
third filter 140^ the solution containing the PGR 
amplification product 335 as retained by the second 
filter 130 is irradiated with the transmitted laser 
beam 380, and the fluorescence 395 from the fluorophore 
label in the PGR amplification product can be detected 
on the real time basis by a photomultiplier tube 390 
disposed below the lower opening of the sample 
preparation unit. 

Fig. 8 is a sectional view showing a 
constitution example of the gene detection apparatus 
for real-time detection of the process of target gene 
amplification in the first embodiment of the invention. 



in which apparatus the sample preparation unit is 
irradiated with a laser beam in the horizontal 
direction. In the constitution example shown in Fig. 8, 
the holding member 200'' holding the sample preparation 
unit 100 is made of a transparent material, and the 
solution containing the PGR amplification product 335 
as retained by the second filter 130 is irradiated with 
the laser beam 380. In cases where the holding member 
200" is made of an opaque material, a hole may be 
provided for the passage of the laser beam 3 80. 

In the same manner as the case shown in Fig. 1 , 
the fluorescence 39 5 from the fluorophore label in the 
PGR amplification product can be detected on the real 
time basis by the photomultiplier tube 390 disposed 
below the lower opening of the sample preparation unit* 
That portion of the sample preparation unit 100 which 
is irradiated with the laser beam is made of a 
transparent material. 

Referring to Fig. 7 and Fig. 8, it is desirable 
that the second filter 130 and the third filter 140 be 
transparent. Even if the second filter 130 and/or 
third filter 140 is not transparent, however, the laser 
beam 380 that has passed through pores of the third 
filter 140 can pass through pores of the second filter 
130 and, thereby, the solution containing the PGR 
amplification product 335 is irradiated therewith. The 
fluorescence 395 emitted by the fluorophore label in 
the PGR amplification product passes through pores of 



the second filter 130 and through pores of the third 
filter 140 and arrives at the photomultiplier tube 390, 
so that the fluorescence can be readily detected on the 
real time basis. 

In place of the real time detection of the PGR 
product, the product may be detected after completion 
of the PGR amplification. Thus, pressure is applied 
from above the sample preparation unit, and the 
solution after completion of the PGR amplification is 
recovered in a recovery receptacle disposed at the 
lower opening of the sample preparation unit. The 
recovery receptacle is then irradiated with a laser 
beam and the fluorescence from the fluorophore label in 
the PGR amplification product is detected. The PGR 
amplification product can thus be quantitated. 

As explained above, by real time quantitative 
analysis of the process of PGR amplification of a 
target gene suited for diagnosis or by quantitation of 
the amplification product after completion of the PGR 
amplification reaction, it is possible to make a 
diagnosis as to the occurrence or nonoccurrence of 
metastasis of lung cancer, for instance, or the extent 
of advancement of metastasis, etc. 
EMBODIMENT II 

Fig. 9 is a perspective view showing a 
constitution example of the sample preparation 
instrument having a plurality of sample preparation 
units according to a second embodiment of the invention. 
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The sample preparation instrument 50" shown in Fig. 9 
has a constitution such that a plurality of the same 
sample preparation units 50 as shown in Fig. 1 and Fig. 
2 (in Fig. 9, the case of 9 units is shown for 
simplicity's sake) are integrated in two crossing 
directions. The sample preparation instrument 50' is 
constituted of a holding member 200' for holding a 
plurality of sample preparation units 100, and a 
heating block 210'. The upper hollow cylindrical part 
and bottle neck portion of each sample preparation unit 
100 are contained in each hollow space formed in the 
holding member 200'. The lower hollow cylindrical part 
of each sample preparation unit is contained in each 
hollow space formed in the heating block 210 ' . With 10 
sample preparation units 50 as shown in Fig. 1 and Fig. 
2 in the x direction and 10 such units in the y 
direction, the sample preparation instrument 50' has a 
size of 250 ram x 250 mm. 

In the sample preparation instrument 50' shown 
in Fig. 9, the treatment steps to be carried out with 
one specimen as explained referring to the first 
embodiment, namely purification of total RNA from a 
specimen, target gene amplification from the total RNA 
and real-time detection of the PGR product, can all be 
carried out simultaneously with a plurality of 
specimens. 

As for the total RNA purification from blood 
specimens, the procedure for purification of total RNA 



from each blood specimen is carried out independently 
in each sample preparation unit 10 0 in the same manner 
as in the first embodiment but in parallel and 
simultaneously. The PGR amplification of a target gene 
from the total RNA is carried out in the solution 
retained by the second filter 130 and third filter 140 
in each sample preparation unit 100 in the same manner 
as in the first embodiment. 

Fig. 10 is a sectional view showing a 
constitution example of the gene detection apparatus 
for real-time detection of the process of amplification 
of the target gene. Using the same constitution as 
shown in Fig. 5 or Fig. 6, each optical fiber 91 is 
brought into contact, from above each sample 
preparation unit, with the solution containing the PGR 
amplification product 335 retained by the second filter 
130. The solution containing the PGR amplification 
product 335 is irradiated with a laser beam 380 from a 
light source 370. The laser beam 380 is sent to each 
optical fiber 91 by means of a beam splitter comprising 
an array of dichroic mirrors 385. The fluorescence 
emitted from each solution containing the PGR 
amplification product 335 is collected, via the 
dichroic mirror 385, by a condenser lens 96 and 
detected by a GGD camera 400. In Fig. 10, the three 
sample preparation units placed side by side in the y 
direction in each of the three lines shown in Fig. 9 
are irradiated with the laser beam 380 simultaneously 
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and the fluorescence from each of the sample 
preparation units in each y direction line is detected 
on the real time basis simultaneously for the three 
units . 

5 Fig* 11 is a perspective view . showing a 

constitution example of the gene detection apparatus 
for real-time detection of the process of target gene 
amplification in the second embodiment of the invention 
in which apparatus a plurality of sample preparation 
^ 10 units of the sample preparation instrument 50" are 
2 irradiated with a laser beam in the horizontal 

•%0 direction. Like the constitution example shown in Fig. 

fp 8, the holding member 200" for holding the sample 

J'' preparation units 100 is made of a transparent material, 



^ 15 In cases where the holding member 200" is made of an 
ty opaque material^ holes may be provided for the passage 

of the laser beam 380. Those portions of the sample 
preparation units 100 which are to be irradiated with a 
laser beam are made of a transparent material. 
20 The laser beam 380 is reflected by dichroic 

mirrors 385 for simultaneous irradiation of the three 
sample preparation units 100 placed side by side in 
each of the three lines in the direction of the axis y 
and thus the solution containing the PGR amplification 
25 product 335 as retained by the second filter 130 of 
each of the three sample preparation units 100 is 
irradiated with the laser beam. In each sample 
preparation unit 100, the fluorescence 395 from the 
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fluorophore label in the PGR amplification product is 
detected on the real time basis by a CCD camera 400 
disposed below the lower opening of the sample 
preparation instrument 50". The fluorescence 395 may 
also be detected from the upper openings of the sample 
preparation instrument 50" by disposing the CCD camera 
400 accordingly. 

Referring to Fig. 11, it is desirable that the 
second filter 130 and third filter 140 in each sample 
preparation unit 100 be transparent. Even if the 
second filter 130 and/or third filter 140 is not 
transparent, however, the laser beam 380 that has 
passed through pores of the third filter 140 can pass 
through pores of the second filter 130 and, thereby, 
the solution containing the PGR amplification product 
335 is irradiated therewith. The fluorescence 395 
emitted by the fluorophore label in the PGR 
amplification product passes through pores of the 
second filter 130 and through pores of the third filter 
140 and arrives at a photomultiplier tube 390, so that 
the fluorescence can be readily detected on the real 
time basis. 

In the sample preparation instrument 50' shown 
in Fig. 11, a plurality of sample preparation units can 
be laser-irradiated, so that the processes of PGR 
amplification of a target gene suited for diagnostic 
purposes in the plurality of sample preparation units 
can be analyzed simultaneously on the real time basis. 
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In lieu of the laser irradiation system 
comprising the light source 370 and the CCD camera 400 
for fluorescence detection as shown in Fig. 11, the 
laser irradiation and fluorescence detection system 
shown in Fig. 12 may be used for two-dimensional 
scanning in the x and y directions, or the laser 
irradiation and fluorescence detection system shown in 
Fig. 13 for one~dimensional scanning in the x or y 
direction, so that each sample preparation unit may be 
irradiated with a laser beam from above and the 
fluorescence may be detected through the upper opening 
of each sample preparation unit. It is a matter of 
course that the plurality of photomultiplier tubes 39 0 
may be replaced with a CCD camera 400. 

As explained above, by real time quantitative 
analysis of the processes of PCR amplification of a 
target gene suited for diagnosis for a plurality of 
samples, it is possible to make a diagnosis as to the 
occurrence or nonoccurrence of metastasis of lung 
cancer, for instance, or the extent of advancement of 
metastasis, etc., for the plurality of samples. 
EMBODIMENT III 

It is also possible to use such a sample 
preparation unit 100' as shown in Fig. 14 in lieu of 
the sample preparation unit 100 explained referring to 
the first and second embodiments. The sample 
preparation unit 100' has an axis of rotational 
symmetry and is constituted of an upper hollow prism- 



like part having a square section with longer sides, a 
lower hollow prism-like part having a square section 
with shorter sides and a neck portion connecting the 
upper hollow prism-like part with the lower hollow 
prism-like part. The upper hollow prism-like part and 
the neck portion of the sample preparation unit are 
contained in a hollow space formed in a holding member. 
The lower hollow prism-like part of the sample 
preparation unit is placed in a hollow space formed in 
a heating block. The height of the sample preparation 
unit 100' is the same as that of the sample preparation 
unit 100 and the sectional area of the upper hollow 
prism-like part and that of the lower hollow prism-like 
part are, for example, 16 mm x 16 mm and 5 mm x 5 mm, 
respectively. 
EMBODIMENT IV 

The pretreatment of blood specimens is 
performed following the same procedure as in the first 
embodiment. 

<Purif ication of total RNA from blood specimens> 

Fig. 15 is an illustration showing the method 
of purifying a plurality of whole blood specimens and 
the step of detecting the target gene amplification 
product using a cassette-type sample preparation 
instrument in a fourth embodiment of the invention. To 
1 mL of each blood sample collected is added 9 mL of a 
50 mM NaCl solution, and the whole is stirred. 
Immediately after stirring, each sample solution is 



poured into each independent well of a first cassette 
800 having a plurality of wells each formed therein and 
equipped, at the bottom, with a first filter 110 and a 
filter holder 120 for holding the first filter. 
Separate specimens are prepared for respective separate 
wells. A gas pressure is applied from above the first 
cassette 800, or suction is made from below the first 
cassette 800, to thereby cause leukocytes alone in each 
solution to be captured on the first filter. 

Then, a second cassette 810 having wells 
corresponding to the wells in the first cassette 800 
and equipped, at the bottom of each well, with a second 
filter, a third filter and a filter holder 150 (not 
shown) for holding the second and third filters is 
attached to the bottom of the first cassette 800. Then, 
a denaturing agent is poured into each well of the 
first cassette 800. A gas pressure is applied from 
above the first cassette 800, or suction is made from 
below the second cassette 810, to thereby cause the 
denaturing agent to pass through the first and second 
filters, and the total RNA alone as derived from each 
whole blood sample collected is captured each 
independently on the second filter 130 of each well of 
the second cassette 810. 

<Target gene amplification from the total RNA> 
Using each purified total RNA fraction, 
amplification of a target gene for diagnosis is carried 
out. A third cassette 82 0 for PGR and amplification 



product detection is attached to the bottom of the 
second cassette 810 and a PGR amplification reaction 
mixture is poured into each well of the second cassette 
810 and, then, a gas pressure is applied from above the 
second cassette 810, or suction is made from below the 
third cassette 820, and the RNA captured by each second 
filter 130 of the second cassette 810 is eluted into 
the PGR amplification reaction mixture when this 
reaction mixture passes through the second filter 130. 
The RNA is thus transferred to each corresponding well 
of the third cassette 820. Then, the third cassette 
820 alone is set on a heating block 210' (not shown in 
Fig. 15) , and the PGR of the target gene is conducted. 
<PCR product detection> 

After completion of the PGR, each well of the 
third cassette 820 is irradiated with a laser beam 
using the laser irradiation and fluorescence detection 
system shown in Fig. 12 or Fig. 13, and the target gene 
amplification product is detected and quantitated for 
each well of the third cassette independently. 
EMBODIMENT V 

Referring to a fifth embodiment of the 
invention. Fig. 16 is a perspective view showing an 
constitution example of the sample preparation 
instrument having sample preparation units for 
simultaneous treatment of a plurality of specimens. Fig. 
17 is a sectional view showing the section along A-A' 
in Fig. 16, and Fig. 18 is an illustration showing the 



structure of each layer constituting the sample 
preparation instrument of the fifth embodiment. It 
goes without saying that the sample preparation 
instrument may have, in lieu of the constitution shown 
in Figs. 16 to 18, a constitution such that there is 
only one sample preparation unit. 

In the fifth embodiment, the sample preparation 
instrument 550-1 is constituted of a first substrate 
500, a second substrate 520, a third substrate 530 and 
a fourth substrate 540. In the sample preparation 
instrument 550-1, a plurality of sample preparation 
units are integrated two-dimensionally and different 
specimens are prepared in different sample preparation 
units . 

The first substrate 500 is provided with a 
plurality of upper openings 511-1, 512-1, 513-1 and 
514-1, into which separate solutions containing 
disrupted red blood cells (erythrocytes) (each solution 
can be obtained from each sample in the same manner as 
in the first embodiment) are poured respectively. A 
first filter is formed at the bottom of each opening. 
The second substrate 520 has upper openings 511-2, 512- 
2, 513-2 and 514-2 opposed to the upper openings 511-1, 
512-1, 513-1 and 514-1, respectively, and a second 
filter is formed at the bottom of each opening. The 
third substrate 530 is provided, at the top, with third 
filters opposed to the respective second filters each 
formed at the bottom of each of the upper openings 511- 



2, 512-2, 513-2 and 514-2 and, below the respective 
third filters, lower openings 511-3, 512-3, 513-3 and 
514-3 are formed. The fourth substrate 540 has through 
holes 511-4, 512-4, 513-4 and 514-4 formed opposed to 
the lower openings 511-3, 512-3, 513-3 and 513-4, 
respectively. In the fourth substrate 540, there are 
embedded Peltier devices for temperature controlling in 
raising and lowering the temperature of the solution 
retained in each second filter and in the space above 
the second filter for effecting the PGR amplification. 

The first to fourth substrates can be obtained 
by liquid-phase etching or dry etching of silicon. For 
example, the first substrate has a thickness of 500 im, 
the first filter has a thickness of 1 im to 10 Im, the 
first filter has a plurality of square pores with a 
sectional area of (1 im to 3 im) x (1 Im to 3 Im) , the 
second substrate has a thickness of 500 im, the second 
filter has a thickness of 10 im to 100 im, the second 
filter has a plurality of square pores with a sectional 
area of about 10 im x about 10 im, the third substrate 
has a thickness of 500 im, the third filter has a 
thickness of 10 im to 100 im, and the third filter is 
surface-treated to acquire hydrophobicity and has a 
plurality of square pores with a sectional area of (2 
im to 3 im) x (2 im to 3 im) . The openings in the 
first, second and third substrates have bottom areas of 
500 im X 500 im, 500 im x 500 im and 500 im x 500 im, 
respectively and the through holes in the fourth 
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substrate have a sectional area of 500 Im x 500 Im. 
The first, second, third and fourth substrates are 
piled up one by one and finally integrated. When it 
has 20 sample preparation units in each of the x and y 
directions., the sample preparation instrument 550-1 has 
a size of 20 mm x 20 mm. 

The total RNA purification from blood samples 
and the target gene amplification from the total RNA 
are carried out according to the same procedure as in 
the first embodiment. The PGR amplification product- 
containing solution 571, 572, 573 or 574 retained in 
each second filter and in the space above the second 
filter is irradiated with a laser beam 380, as shown in 
Fig. 19, and the fluorescence emitted from the PGR 
amplification product-containing solution is detected 
in the direction of irradiation with the laser beam, by 
two-dimensional scanning in the x and y directions 
using the laser irradiation and fluorescence detection 
system shown in Fig. 12 or by one-dimensional scanning 
in the x or y direction using the laser irradiation and 
fluorescence detection system shown in Fig. 13. It is 
also possible to irradiate the PGR amplification 
product-containing solution retained in each second 
filter and in the space above the second filter with a 
laser beam 38 0 from each opening in the first substrate 
and detect the fluorescence from each opening in the 
fourth substrate. Conversely, the solution may be 
irradiated with a laser beam 3 80 from each opening in 



the fourth substrate and the fluorescence detected from 
each opening in the first substrate. Further, like the 
constitution shown in Fig. 5, Fig. 6 or Fig. 10, the 
first substrate may be perforated so that an optical 
fiber can be inserted to a position close to the PGR 
amplification product-containing solution retained in 
the space above the second filter to detect the 
fluorescence emitted upon laser irradiation on the real 
time basis. 
EMBODIMENT VI 

Referring to a sixth embodiment of the 
invention. Fig. 19 is a perspective view showing a 
constitution example of the sample preparation 
instrument for treating a plurality of samples 
simultaneously. Fig. 20 is a sectional view showing the 
section along A-A' in Fig. 19, and Fig. 21 is an 
illustration showing the structure of each layer 
constituting the sample preparation instrument 
according to the sixth embodiment. It goes without 
saying that the sample preparation instrument may have, 
in lieu of the constitution shown in Figs. 19 to 21, a 
constitution such that there is only one sample 
preparation unit. 

In the sample preparation instrument 550-2, 
like in the fifth embodiment, a plurality of sample 
preparation units are integrated two-dimensionally and 
different specimens are prepared in different sample 
preparation units. In the constitution of th^ sample 
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preparation instrument 550-2 according to the sixth 
embodiment, the constitution of the sample preparation 
instrument 550-1 of the fifth embodiment is 
supplemented with a transparent fifth substrate 510 
disposed between the first substrate 500 and the second 
substrate 520. The fifth substrate 510 has through 
holes 511-5, 512-5, 513-5 and 514-5 respectively 
opposed to the first filters in the first substrate 500 
and to the upper openings 511-2, 512-2, 153-2 and 514-2 
in the second substrate. The fifth substrate 510 has a 
thickness of 500 im and each through hole has a 
sectional area of 500 Im x 500 Im, 

The total RNA purification from blood samples 
and the target gene amplification from the total RNA 
are carried out according to the same procedure as in 
the first embodiment. The PGR amplification product- 
containing solution 571, 572, 573 or 574 retained in 
the space above each second filter is irradiated with a 
laser beam 3 80 from one lateral side of the fifth 
substrate 510 (in the y direction) , as shown in Fig. 20, 
using the laser irradiation system shown in Fig. 11, 
and the fluorescence 395 is detected by a CCD camera 
400 from below the sample preparation instrument 550-2 
through the third and fourth openings, like in the 
constitution shown in Fig, 11. It is also possible to 
detect the fluorescence 395 by the CCD camera 400 from 
above the sample preparation instrument 550-2 through 
the first openings. 



Fig. 22 is a perspective view showing a 
modified constitution example of the sample preparation 
instrument according to the sixth embodiment of the 
present invention. In the constitution of the sample 
preparation instrument 550-3 shown in Fig. 22, a 
plurality of sample preparation units are integrated 
one-dimensionally , and different specimens are prepared 
in different sample preparation units. As shown in Fig, 
22, each PGR amplification product-containing solutions 
571, 572, 573 or 574 retained in the space above each 
second filter is irradiated with a laser beam 380 from 
a lateral side of the fifth substrate 510 (in the x 
direction) and the fluorescence 395 is detected by the 
CCD camera 400 from another lateral side of the fifth 
substrate 510 (in the y direction) in a direction 
intersecting the direction of laser irradiation. It is 
also possible to detect the fluorescence 395 from above 
or from below the sample preparation instrument 550-3. 
It goes without saying that the sample preparation 
instrument may have, in lieu of the constitution shown 
in Fig. 22, a constitution such that there is only one 
sample preparation unit. 
EMBODIMENT VII 

Referring to a seventh embodiment of the 
invention. Fig. 23 is a perspective view showing a 
constitution example of the sample preparation 
instrument for treating a plurality of samples 
simultaneously. Fig. 24 is a sectional view showing the 
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section along A-A' in Fig. 23, and Fig. 25 is an 
illustration showing the structure of each layer 
constituting the sample preparation instrument 
according to the seventh embodiment. It goes without 
saying that the sample preparation instrument may have, 
in lieu of the constitution shown in Figs. 23 to 25, a 
constitution such that there is only one sample 
preparation unit. 

In the seventh embodiment, the sample 
preparation instrument 650-1 is constituted of a first 
substrate 600, a second substrate 620, a third 
substrate 630 and a fourth substrate 640. In the 
sample preparation instrument 650-1, a plurality of 
sample preparation units are integrated two- 
dimensionally , and different specimens are prepared in 
different sample preparation units. 

The first substrate 600 is provided with a 
plurality of upper openings 611-1, 612-1, 613-1 and 
614-1, into which separate solutions containing 
disrupted erythrocytes (each solution can be obtained 
from each sample in the same manner as in the first 
embodiment) are poured respectively, A first filter is 
formed at the bottom of each opening. The first 
substrate 600 is provided with through holes 601, 602, 
603 and 604 close to the openings 611-1, 612-1, 613-1 
and 614-1, respectively. In the second substrate 620, 
there are formed upper openings 611-2, 612-2, 613-2 and 
614-2 opposed respectively to the upper openings 611-1, 



612- 1, 613-1 and 614-1 of the first substrate and 
second upper openings 611 '~2, 612 '-2, 613 '-2 and 614 '-2 
each having a second filter at the bottom and 
respectively opposed to the through holes 601, 602, 603 
and 604 of the first substrate and connected with the 
first upper openings 611-2, 612-2, 613-2 and 614-2. 

The second upper opening is deeper than the first upper 
opening. In the third substrate 630, there are formed 
third .filters opposed to the respective second filters 
each formed at the bottom of each of the upper openings 
611'-2, 612'-2, 613'-2 and 614'-2 and, below the 
respective third filters^ lower openings 611-3, 612-3, 

613- 3 and 614-3 are formed. The fourth substrate 640 
has through holes 611-4, 612-4, 613-4 and 614-4 formed 
opposed to the lower openings 611-3, 612-3, 613-3 and 
613-4, respectively. In the fourth substrate 640, 
there are embedded Peltier devices for temperature 
controlling in raising and lowering the temperature of 
the solution retained in each second filter and in the 
space above the second filter for effecting the PGR 
amplification. 

The first to fourth substrates can be obtained 
by liquid-phase etching or dry etching of silicon. For 
example, the first substrate has a thickness of 500 im, 
the first filter has a thickness of 1 im to 10 im, the 
first filter has a plurality of square pores with a 
sectional area of (1 Ira to 3 im) x (1 im to 3 im) , the 
second substrate has a thickness of 500 im, the second 
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filter has a thickness of 10 im to 100 im, the second 
filter has a plurality of square pores with a sectional 
area of about 10 im x about 10 im, the third substrate 
has a thickness of 500 im, the third filter has a 
thickness of 10 im to 100 im, and the third filter is 
surface-treated to acquire hydrophobicity and has a 
plurality of square pores with a sectional area of (2 
im to 3 im) x (2 im to 3 im) . The openings in the 
first substrate each has a bottom area of 500 im x 500 
im, and the through holes in the first substrate each 
has a sectional area of 500 im x 500 im. When it has 
20 sample preparation units in each of the x and y 
directions, the sample preparation instrument 650-1 has 
a size of 20 mm x 20 mm. 

The total RNA purification from blood samples 
and the target gene amplification from the total RNA 
are carried out according to the same procedure as in 
the first embodiment. The PGR amplification product- 
containing solution 571, 572, 573 or 574 retained in 
the space above each second filter is irradiated with a 
laser beam through the through hole 601, 602, 603 or 
604 in the first substrate, and the fluorescence 
emitted from the PGR amplification product-containing 
solution is detected, using the laser irradiation and 
photodetector system shown in Fig. 12 or Fig. 13. It 
is also possible to irradiate the PGR amplification 
product-containing solutions with a laser beam through 
the through holes 601, 602, 603 and 604 using the laser 



irradiation system shown in Fig. 11 and detect the 
fluorescence from each solution by a CCD camera 400 
through each through hole in the fourth substrate. 

The sample preparation instrument 650-1 
according to the seventh embodiment is characterized in 
that the first filter and the second filter are not 
opposed to each other ^ that the upper opening of the 
second filter is small in bottom area and great in 
depth, hence the PGR amplification product-containing 
solution can be contained in a minute volume and that 
since the PCR amplification product-containing solution 
is directly irradiated with a laser beam for detecting 
the fluorescence, the fluorescence can be directly 
detected and, therefore, the processes of PCR 
amplification of a target gene for diagnostic purposes 
can simultaneously be analyzed quantitatively with high 
sensitivity. 
EMBODIMENT VIII 

Referring to an eighth embodiment of the 
invention. Fig. 26 is a plan view showing a 
constitution example of the sample preparation 
instrument for. treating a plurality of samples 
simultaneously, and Fig. 27 is a sectional view showing 
a constitution example of the sample preparation 
instrument according to the eighth embodiment. It goes 
without saying that the sample preparation instrument 
may have, in lieu of the constitution shown in Figs. 26 
and 27 , a constitution such that there is only one 



sample preparation unit. 

In the sample preparation instrument 650-2 
according to the eighth embodiment, the constitution of 
the sample preparation instrument 650-1 in the seventh 
embodiment is modified in a manner such that the second 
substrate 620 is constituted of a transparent substrate 
620a and a substrate 620b* In the substrate 620a, 
there are formed first upper openings 611-2, 612-2, 

613- 2 and 614-2 opposed respectively to the upper 
openings 611-1, 612-1, 613-1 and 614-1 of the first 
substrate and through holes 611 '-2, 612 '-2, 613 '-2 and 
614 '-2 respectively opposed to the through holes 601, 
602, 603 and 604 of the first substrate and connected 
with the first upper openings 611-2, 612-2, 613-2 and 

614- 2. In the substrate 620b, there are formed second 
filters opposed to the respective through holes 611 '-2, 
612 '-2, 613 '-2 and 614 '-2 of the substrate 620a. By 
integrating the substrate 620a and substrate 620b, 
there are formed second upper openings 611 '-2, 612 '-2, 
613 '-2 ad 614^-2 above the second filters of the 
substrate 620b. 

As shown in Fig. 26 and Fig. 27, the PGR 
amplification product-containing solution 571, 572, 573 
or 574 retained in the space above the second filter in 
each sample preparation unit of the sample preparation 
instrument is irradiated with a laser beam 380 from a 
lateral side of the substrate 620a and the fluorescence 
is detected by a CCD camera 400 through the through 



hole in the first substrate. It is also possible to 
detect the fluorescence by a CCD camera 400 through the 
through hole in the fourth substrate. 

The sample preparation instrument according to 
the eighth embodiment is characterized in that a 
plurality of sample preparation units can be irradiated 
simultaneously with a laser beam, that the fluorescence 
from each PGR amplification product-containing solution 
can be detected directly and that the processes of PGR 
amplification of a target gene suited for diagnosis in 
a plurality of sample preparation units can be 
simultaneously analyzed quantitatively with high 
sensitivity. 

In the fifth to eighth embodiments explained 
hereinabove, the substrates can be produced from 
silicon substrates by the photolithography technology 
and etching technology. Therefore, the pore sizes of 
first, second and third filters, the sectional areas of 
through holes , the depths of openings and the bottom 
area of openings, among others, on silicon substrates 
can be controlled with very good precision, so that 
sample preparation instruments having a plurality of 
minute sample preparation units uniform in performance 
characteristics can be provided at low cost. Further, 
since p-n junctions for detecting the heater resistance 
and temperature can be integrally formed in silicon 
substrates by diffusion layer formation, the 
temperature cycle in the PGR amplification reaction can 
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be performed with silicon chips alone without using any 
external heater temperature controlling, hence small- 
sized sample preparation instruments can be produced. 
Furthermore, since silicon is small in heat capacity, 
5 the temperature cycle in the PGR amplification reaction 
can be repeated at a high speed • 

An area of 1 mm x 1 mm, for instance, is 
sufficient for one sample preparation unit to occupy, 
and a sample preparation instrument having about 300 
5^ 10 sample preparation units can be produced using a 
5 silicon substrate having a size of 1 inch x 1 inch. 

%y Thus, it becomes possible to perform gene examination 

rfi using a very small sample amount, for example about 0.5 

O 15 In the above description, the case of 

fij extraction, amplification and detection of RNA derived 

p3 from leukocytes in whole blood has been taken as an 

Hi example. It goes without saying that the test samples 

or specimens to which the present invention is 
20 applicable include not only leukocytes in whole blood 
but also RNA species extracted from various organ- or 
tissue-derived cells included in whole blood, RNA 
species extracted from cells cultured in a cell culture 
fluid, and so on. 
25 In the sample preparation instrument according 

to the invention, a series of operations from pouring a 
buffer solution with whole blood suspended therein, a 
buffer solution with cells cultured in a cell culture 
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medium suspended therein^ a buffer solution with tissue 
cells suspended therein or the like into a sample 
application opening of the sample preparation 
instrument having a first, a second and a third filter^ 
then adding a cell-disrupting reagent, a denaturing 
agent for eluting RNA from cells and a PGR 
amplification reaction mixture successively to thereby 
purify total RNA and amplify a target gene from the 
total RNA, to detecting the target gene is carried out 
continuously, so that contamination between operations 
can be prevented and a number of specimens can be 
easily treated simultaneously. 
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CLAIMS 

1. An apparatus for gene examination which 

comprises a sample preparation instrument (50, 50', 
50") comprising one or a plurality of sample 
preparation units (100, 100') each comprising an upper 
opening, into which a buffer solution with cells 
suspended therein is poured, a lower opening, through 
which a waste liquor is discharged, a channel 
connecting these openings and provided with a first 
filter (110) for capturing the cells, a second filter 
(130) for capturing polynucleotides eluted from the 
cells by means of a denaturing agent poured into the 
upper opening and holding or retaining a PGR 
amplification reaction mixture containing reagents for 
the PGR amplification reaction for amplifying the copy 
of a desired partial target base sequence in the 
polynucleotides captured, inclusive of a PGR primer 
labeled with a fluorophore and a hydrophobic third 
filter (140) , the three filters being arranged in the 
channel in that order in the direction from the upper 
opening to the lower opening, a holding member (200, 
200') for holding the sample preparation unit or units 
and a means (210, 210') for controlling the temperature 
of the PGR amplification reaction mixture; an 
irradiation means (370, 380, 385, 31) for irradiating 
the PGR amplification reaction mixture with a laser 
beam (380) capable of exciting the fluorophore label 
labeling the copy in the direction substantially 



perpendicular or substantially parallel to the second 
filter; and a detection means (385, 390, 400) for 
detecting the fluorescence (395) from the fluorophore 
label labeling the copy in the direction substantially 
perpendicular to the second filter. 

2 . An apparatus for gene examination as 
claimed in Claim 1, wherein the sample preparation 
instrument has a plurality of sample preparation units 
as defined in Claim 1 disposed along a straight line, 
the irradiation means irradiates the PGR amplification 
reaction mixtures in the sample preparation units 
substantially simultaneously with the laser beam along 
the straight line in the direction substantially 
parallel to the second filter in each sample 
preparation unit, the detection means detects the 
fluorescence from the fluorophore label labeling the 
copy in the PGR amplification reaction mixtures in the 
sample preparation units substantially simultaneously 
in the direction substantially perpendicular to the 
second filter in each sample preparation unit and the 
sites of the holding means which are irradiated with 
the laser beam are constituted of a material (200") 
transparent to the wavelength of the laser beam and to 
the wavelength of the fluorescence. 

3. An apparatus for gene examination as 
claimed in Claim 1, wherein the sample preparation 
instrument has a plurality of lines of a plurality of 
sample preparation units as defined in Claim 1 disposed 
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along a straight line, the irradiation means irradiates 
the PGR amplification reaction mixtures in the sample 
preparation units in each of the lines substantially 
simultaneously with the laser beam along each straight 
line in the direction substantially parallel to the 
second filter in each sample preparation unit^ the 
detection means detects the fluorescence from the 
fluorophore label labeling the copy in the PCR 
amplification reaction mixtures in each line of the 
sample preparation units substantially simultaneously 
in the direction substantially perpendicular to the 
second filter in each sample preparation unit in each 
line and the sites of the holding means which are 
irradiated with the laser beam are constituted of a 
material (200") transparent to the wavelength of the 
laser beam and to the wavelength of the fluorescence. 

4 . An apparatus for gene examination as 

claimed in Claim 1, wherein the sample preparation 
instrument has a plurality of sample preparation units 
as defined in Claim 1 disposed along a straight line, 
the irradiation means irradiates the PCR amplification 
reaction mixtures in the sample preparation units 
substantially simultaneously with the laser beam in the 
direction substantially perpendicular to the second 
filter in each sample preparation unit and the 
detection means detects the fluorescence from the 
fluorophore label labeling the copy in the PCR 
amplification reaction mixtures in the sample 



preparation units substantially simultaneously in the 
direction substantially perpendicular to the second 
filter in each sample preparation unit. 

5. An apparatus for gene examination as 
claimed in Claim 1 , wherein the sample preparation 
instrument has a plurality of lines of a plurality of 
sample preparation units as defined in Claim 1 disposed 
along a straight line^ the irradiation means irradiates 
the PCR amplification reaction mixtures in the sample 
preparation units in each of the lines substantially 
simultaneously with the laser beam in the direction 
substantially perpendicular to the second filter in 
each sample preparation unit in each line and the 
detection means detects the fluorescence from the 
fluorophore label labeling the copy in the PCR 
amplification reaction mixtures in each line of the 
sample preparation units substantially simultaneously 
in the direction substantially perpendicular to the 
second filter in each sample preparation unit in each 
line» 

6. A sample preparation unit which 
comprises an upper opening, into which a buffer 
solution with cells suspended therein is poured, a 
lower opening, through which a waste liquor is 
discharged, a channel connecting these openings and is 
provided with a first filter (110) for capturing the 
cells ^ a second filter (130) for capturing 
polynucleotides eluted from the cells by means of a 



denaturing agent poured into the upper opening and 
holding or retaining a PGR amplification reaction 
mixture containing reagents for the PGR amplification 
reaction for amplifying the copy of a desired partial 
target base sequence in the polynucleotides captured, 
inclusive of a PGR primer labeled with a fluorophcre, 
and a hydrophobic third filter (140) , the three filters 
being arranged in the channel in that order in the 
direction from the upper opening to the lower opening. 

7 . A sample preparation unit as claimed in 
Claim 6, wherein there is a space for holding or 
retaining the PGR amplification reaction mixture 
between the first filter and the second filter. 

8 . A sample preparation unit as claimed in 
Claim 6, wherein the second filter has an area smaller 
than the area of the first filter. 

9 . A sample preparation unit as claimed in 
Claim 6, wherein the second . filter is in contact with 
the third filter. 

10. A sample preparation unit as claimed in 
Claim 6 which is constituted of a transparent material. 

11. A sample preparation unit as claimed in 
Claim 6 which has an axis of rotational symmetry. 

12. A sample preparation unit as claimed in 
Claim 11 the external form of which has a circular or 
square section perpendicular to the axis of rotational 
symmetry thereof. 

13 . A method of gene examination using a 



sample preparation instrument (50, 50', 50") comprising 
one or a plurality of sample preparation units (100, 
100') each having a channel connecting an upper opening 
with a lower opening and a first filter (110) , a second 
filter (130) and a hydrophobic third filter (140) 
arranged in the channel in that order in the direction 
from the upper opening to the lower opening, which 
method comprises (1) the step of pouring a buffer 
solution containing cells suspended therein into the 
upper opening of the sample preparation unit and 
capturing the cells on the first filter, (2) the step 
of pouring a denaturing agent into the upper opening 
and capturing polynucleotides thus eluted from the 
cells on the second filter, (3) the step of pouring, 
into the upper opening, a PGR amplification reaction 
mixture containing reagents for the PGR amplification 
reaction for amplifying the copy of a desired partial 
base sequence in the polynucleotides, inclusive of a 
PGR primer labeled with a fluorophore to thereby cause 
the PGR amplification reaction mixture to be held or 
retained in the second filter and amplifying the copy 
and (4) the step of irradiating the PGR amplification 
reaction mixture with a laser beam capable of exciting 
the fluorophore label labeling the copy for detecting 
the fluorescence from the fluorophore label. 

14. A method of gene examination as claimed 

in Claim 13, wherein the PGR amplification reaction 
mixture is irradiated with the laser beam in the 



direction substantially perpendicular or substantially 
parallel to the second filter and the fluorescence is 
detected in the direction substantially perpendicular 
to the second filter. 

15. A method of gene examination as claimed 

in Claim 13 , wherein the sample preparation instrument 
has a plurality of sample preparation units as defined 
in Claim 13 disposed along a straight line, those sites 
of the holding member which are irradiated with the 
laser beam are constituted of a material (200") 
transparent to the wavelength of the laser beam and' to 
the wavelength of the fluorescence^ the PCR 
amplification reaction mixtures in the sample 
preparation units are irradiated substantially 
simultaneously with the laser beam along the straight 
line in the direction substantially parallel to the 
second filter in each sample preparation unit and the 
fluorescence from the fluorophore label labeling the 
copy in the PCR amplification reaction mixtures in the 
sample preparation units is detected substantially 
simultaneously in the direction substantially 
perpendicular to the second filter in each sample 
preparation unit. 

■ 16. A method of gene examination as claimed 

in Claim 13, wherein the sample preparation instrument 
has a plurality of lines of a plurality of sample 
preparation units as defined in Claim 13 disposed along 
a straight line, those sites of the holding member 



which are irradiated with the laser beam are 
constituted of a material (200") transparent to the 
wavelength of the laser beam and to the wavelength of 
the fluorescence^ the PGR amplification reaction 
mixtures in the sample preparation units are irradiated 
substantially simultaneously with the laser beam along 
the straight line in each line in the direction 
substantially parallel to the second filter in each 
sample preparation unit and the fluorescence from the 
fluorophore label labeling the copy in the PGR 
amplification reaction mixtures in the sample 
preparation units in each line is detected 
substantially simultaneously in the direction 
substantially parallel to the second filter in each 
sample preparation unit in each line. 

17 . A method of gene examination as claimed 

in Glaim 13^ wherein the sample preparation instrument 
has a plurality of sample preparation units as defined 
in Claim 13 disposed along a straight line, the PGR 
amplification reaction mixtures in the sample 
preparation units are irradiated substantially 
simultaneously with the laser beam in the direction 
substantially perpendicular to the second filter in 
each sample preparation unit and the fluorescence from 
the fluorophore label labeling the copy in the PGR 
amplification reaction mixtures in the sample 
preparation units is detected substantially 
simultaneously in the direction substantially 



perpendicular to the second filter in each sample 
preparation unit. 

18. A method of gene examination as claimed 
in Claim 13, wherein the sample preparation instrument 
has a plurality of lines of a plurality of sample 
preparation units as defined in Claim 13 disposed along 
a straight line, the PGR amplification reaction 
mixtures in the sample preparation units in each line 
are irradiated substantially simultaneously with the 
laser beam in the direction substantially perpendicular 
to the second filter in each sample preparation unit 
and the fluorescence from the fluorophore label 
labeling the copy in the PCR amplification reaction 
mixtures in the sample preparation units in each line 
is detected substantially simultaneously in the 
direction substantially perpendicular to the second 
filter in each sample preparation unit in each line. 

19 . A sample preparation instrument which 
has a plurality of sample preparation units each 
comprising a first member (500, 600) having a first 
opening (511-1, 512-1, 513-1, 514-4; 611-1, 612-1, 613- 
1, 614-1) formed at the top thereof, into which a 
buffer solution with cells suspended therein is poured, 
and a first filter formed in the lower part thereof for 
capturing the cells ^ a second member (520, 620) having 
a second opening (511-2, 512-2, 513-2, 514-2; 611-2, 
612-2, 613-2, 614-2; 611'-2, 612'-2, 613'-2, 614'-2) 
formed at the top thereof and a second filter, in the 



lower part thereof, for capturing polynucleotides 
eluted from the cells by means of a denaturing agent 
poured through the first opening and holding or 
retaining a PGR amplification reaction mixture 
containing reagents for the PGR amplification reaction 
for amplifying the copy of a desired partial base 
sequence in the polynucleotides , inclusive of a PGR 
primer labeled with a fluorophore, a third member (530, 
630) having a hydrophobic third filter, and a means 
(540, 640) for controlling the temperature of the PGR 
amplification reaction mixture, the first member, the 
second member and the third member being arranged in 
that order from above. 

20. A sample preparation instrument as 
claimed in Claim 19, wherein the first member, second 
member and third member are each constituted of a 
silicon substrate and the pores of the first filer, 
second filter and third filter are pores formed in the 
respective silicon substrates, 

21. A sample preparation instrument as 
claimed in Glaim 19, wherein the second filter has an 
area smaller than the area of the first filter. 

22. A sample preparation instrument which 
has a plurality of sample preparation units each 
comprising a first member (500) having a first opening 
(511-1, 512-1, 513-1, 514-1) formed at the top thereof, 
into which a buffer solution with cells suspended 
therein is poured, and a first filter formed in the 
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lower part thereof for capturing the cells ^ a second 
member (520) having a second opening (511-2, 512-2, 
513-2, 514-2) formed at the top thereof and a second 
filter, in the lower part thereof, for capturing 
polynucleotides eluted from the cells by means of a 
denaturing agent poured through the first opening and 
holding or retaining a PGR amplification reaction 
mixture containing reagents for the PGR amplification 
reaction for amplifying the copy of a desired partial 
base sequence in the polynucleotides, inclusive of a 
PGR primer labeled with a fluorophore, a third member 
(530) having a hydrophobic third filter, a transparent 
fourth member (510) having a through hole (511-5, 512-5, 
513-5, 514-5), and a means (540) for controlling the 
temperature of the PGR amplification reaction mixture, 
the first member, the fourth member, the second member 
and the third member being arranged in that order from 
above, the first filter and the second filter being 
opposed to each other via the through hole, and the 
second filter and the third filter being opposed to 
each other. 

23. A sample preparation instrument as 
claimed in Claim 22, wherein the first member, second 
member and third member are each constituted of a 
silicon substrate and the pores of the first filer, 
second filter and third filter are pores formed in the 
respective silicon substrates. 

24. A sample preparation instrument as 
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claimed in Claim 22, wherein the second filter has an 
area smaller than the area of the first filter. 

25. A sample preparation instrument which 

comprises a plurality of sample preparation units each 
comprising a first member (600) having a first through 
hole (601, 602, 603, 604), a first opening (611-1, 612- 
1, 613-1, 614-1) formed at the top thereof, into which 
a buffer solution with cells suspended therein is 
poured, and a first filter formed below the first 
opening for capturing the cells, a second member (620) 
having a second opening (611-2, 612-2, 613-2, 614-2; 
611'-2, 612'-2, 613^-2, 614'~2) at the top thereof and 
a second filter, in the lower part thereof, for 
capturing polynucleotides eluted from the cells by 
means of a denaturing agent poured through the first 
opening and holding or retaining a PGR amplification 
reaction mixture containing reagents for the PGR 
amplification reaction for amplifying the copy of a 
desired partial base sequence in the polynucleotides, 
inclusive of a PGR primer labeled with a fluorophore, a 
third member (630) having a hydrophobic third filter, 
and a means (640) for controlling the temperature of 
the PGR amplification reaction mixture, the first 
member, the second member and the third member being 
arranged in that order from above, the first through 
hole and the second opening (611 '-2, 612 '-2, 613 '-2, 
614 '-2) being opposed to each other, the second filter 
and the third filter being opposed to each other, and a 
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channel being formed for connecting the first filter to 
the second filter. 

26. A sample preparation instrument as 
claimed in Claim 25, wherein the first member, second 
member and third member are each constituted of a 
silicon substrate and the pores of the first filer, 
second filter and third filter are pores formed in the 
respective silicon substrates. 

27. A sample preparation instrument as 
claimed in Claim 25, wherein the second filter has an 
area smaller than the area of the first filter. 

28. A sample preparation instrument which 
comprises a plurality of sample preparation units each 
comprising a first member (600) having a first through 
hole (601, 602, 603, 604), a first opening (611-1, 612- 
1, 613-1^ 614-1) formed at the top thereof, into which 
a buffer solution with cells suspended therein is 
poured r and a first filter formed below the first 
opening for capturing the cells, a second member (620b) 
having a second filter, in the lower part thereof, for 
capturing polynucleotides eluted from the cells by 
means of a denaturing agent poured through the first 
opening and holding or retaining a PGR amplification 
reaction mixture containing reagents for the PGR 
amplification reaction for amplifying the copy of a 
desired partial base sequence in the polynucleotides, 
inclusive of a PGR primer labeled with a fluorophore, a 
third member (630) having a hydrophobic third filter 
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and a transparent fourth member (620a) having a second 
through hole (611 '-2, 612^-2, 613 '-2, 614 '-2) and a 
second opening (611-2, 612-2, 613-2, 614-2) at the top, 
and a means (640) for controlling the temperature of 
the PGR amplification reaction mixture, the first 
member, the fourth member, the second member and the 
third member being arranged in that order from above, 
the first through hole and the second filter being 
opposed to each other via the second through hole, the 
second filter and the third filter being opposed to 
each other, and a channel being formed for connecting 
the first filter to the second filter. 

29 . A sample preparation instrument as 
claimed in Claim 28, wherein the first member, second 
member and third member are each constituted of a 
silicon substrate and the pores of the first filer, 
second filter and third filter are pores formed in the 
respective silicon substrates. 

30. A sample preparation instrument as 
claimed in Claim 28, wherein the second filter has an 
area smaller than the area of the first filter. 

31. An apparatus for gene examination which 
comprises a sample preparation instrument comprising a 
plurality of sample preparation units , each having a 
first, a second, a third and a fourth region, and thus 
comprising a first member (500, 600) having a plurality 
of first regions each formed therein and having a first 
opening (511-1, 512-1, 513-1, 514-1; 611-1, 612-1, 613- 
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1, 614-1) formed at the top, into which a buffer 
solution with cells suspended therein is poured, and a 
first filter formed in the lower part for capturing the 
cells, a second member (520, 620) having a plurality of 
second regions each formed therein and having a second 
opening (511-2, 512-2, 513-2, 514-2; 611-2, 612-2, 613- 

2, 614-2; 611'-2, 612'-2, 613'-2, 614'-2) at the top 
and a second filter for capturing polynucleotides 
eluted from the cells by means of a denaturing agent 
poured into the first opening and holding or retaining 
a PGR amplification reaction mixture containing 
reagents for the PGR amplification reaction for 
amplifying the copy of a desired partial target base 
sequence in the polynucleotides captured, inclusive of 
a PGR primer labeled with a fluorophore, a third member 
(530, 630) having a plurality of third regions each 
formed therein and having a hydrophobic third filter, 
and means (540, 640) for controlling the temperature of 
the PGR amplification reaction mixture, the first 
member, the second member and the third member being 
arranged in that order from above; an irradiation means 
for irradiating the PGR amplification reaction mixture 
in each sample preparation unit with a laser beam 380 
capable of exciting the fluorophore label labeling the 
copy in the direction substantially perpendicular to 
the second filter in each sample preparation unit 
substantially simultaneously for the plurality of 
sample preparation units; and a detection means for 
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detecting, substantially simultaneously for the 
plurality of sample preparation units, the fluorescence 
from the fluorophore label labeling the copy in the PGR 
amplification reaction mixture in each sample 
preparation unit in the direction substantially 
perpendicular to the second filter, 

32. An apparatus for gene examination which 

comprises a sample preparation instrument comprising a 
plurality of sample preparation units , each having a 
first, a second, a third and a fourth region, and thus 
comprising a first member (500) having a plurality of 
first regions each formed therein and having a first 
opening (511-1, 512-1, 513-1, 514-1) formed at the top, 
into which a buffer solution with cells suspended 
therein is poured, and a first filter formed in the 
lower part for capturing the cells , a second member 
(520) having a plurality of second regions each formed 
therein and having a second opening (511-2, 512-2, 513- 
2, 514-2) at the top and a second filter for capturing 
polynucleotides eluted from the cells by means of a 
denaturing agent poured into the first opening and 
holding or retaining a PGR amplification reaction 
mixture containing reagents for the PGR amplification 
reaction for amplifying the copy of a desired partial 
target base sequence in the polynucleotides captured, 
inclusive of a PGR primer labeled with a fluorophore, a 
third member (530) having a plurality of third regions 
each formed therein and having a hydrophobic third 
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filter, a transparent fourth member (510) having a 
plurality of fourth regions each having a through hole 
(511-5, 512-5, 513-5, 514-5) formed therein, and a 
means (540) for controlling the temperature of the PGR 
5 amplification reaction mixture, the first member, the 
fourth member, the second member and the third member 
being arranged in that order from above, the first 
filter and the second filter being opposed to each 
other via the through hole, and the second filter and 

p 10 the third filter being opposed to each other; an 

S 

p irradiation means for irradiating the PGR amplification 

reaction mixture in each sample preparation unit with a 

laser beam capable of exciting the fluorophore label 

W 

^" labeling the copy in the direction substantially 

ff, 15 parallel to the second filter in each sample 
pi preparation unit substantially simultaneously for the 

f3 plurality of sample preparation units; and a detection 

^'•^ means for detecting, substantially simultaneously for 

the plurality of sample preparation units, the 
20 fluorescence from the fluorophore label labeling the 

copy in the PGR amplification reaction mixture in each 
sample preparation unit in the direction substantially 
perpendicular to the second filter. 

33* An apparatus for gene examination which 

25 comprises a sample preparation instrument comprising a 
plurality of sample preparation units, each having a 
first, a second, a third and a fourth region, and thus 
comprising a first member (600) having a plurality of 
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first regions each formed therein and having a first 
through hole (601, 602, 603, 604), a first opening 

(611-1, 612-1, 613-1, 614-1) formed at the top, into 
which a buffer solution with cells suspended therein is 
poured, and a first filter formed below the first 
opening for capturing the cells, a second member (620) 
having a plurality of second regions each formed 
therein and having a second opening (611-2, 612-2, 613- 
2, 614-2; 611 '-2, 612^-2, 613 '-2, 614 '-2) at the top 
and a second filter for capturing polynucleotides 
eluted from the cells by means of a denaturing agent 
poured into the first opening and holding or retaining 
a PGR amplification reaction mixture containing 
reagents for the PGR amplification reaction for 
amplifying the copy of a desired partial target base 
sequence in the polynucleotides captured, inclusive of 
a PGR primer labeled with a fluorophore, a third member 

(630) having a plurality of third regions each formed 
therein and having a hydrophobic third filter, and a 
means (640) for controlling the temperature of the PGR 
amplification reaction mixture, the first member, the 
second member and the third member being arranged in 
that order from above, the first through hole and the 
second opening (611'-2, 612'-2, 613'-2, 614'-2) being 
opposed to each other, the second filter and the third 
filter being opposed to each other, and a channel being 
formed for connecting the first filter to the second 
filter; an irradiation means for irradiating the PGR 
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ainplif ication reaction mixture in each sample 
preparation unit with a laser beam (380) capable of 
exciting the fluorophore label labeling the copy in the 
direction substantially perpendicular to the second 
filter in each sample preparation unit substantially 
simultaneously for the plurality of sample preparation 
units; and a detection means for detecting^ 
substantially simultaneously for the plurality of 
sample preparation units, the fluorescence from the 
fluorophore label labeling the copy in the PGR 
amplification reaction mixture in each sample 
preparation unit in the direction substantially 
perpendicular to the second filter. 

34. An apparatus for gene examination which 

comprises a sample preparation instrument comprising a 
plurality of sample preparation units , each having a 
first, a second, a third and a fourth region,, and thus 
comprising a first member (600) having a plurality of 
first regions each formed therein and having a through 
hole (601, 602, 603,. 604), a first opening (611-1, 612- 
1, 613-1, 614-1) formed at the top, into which a buffer 
solution with cells suspended therein is poured, and a 
first filter formed below the first opening for 
capturing the cells, a second member (620b) having a 
plurality of second regions each formed therein and 
having a second filter for capturing polynucleotides 
eluted from the cells by means of a denaturing agent 
poured into the first opening and holding or retaining 



87 



a PGR amplification reaction mixture containing 
reagents for the PGR amplification reaction for 
amplifying the copy of a desired partial target base 
sequence in the polynucleotides captured, inclusive of 
a PGR primer labeled with a fluorophore, a third member 
(630) having a plurality of third regions each formed 
therein and having a hydrophobic third filter, a 
transparent fourth member (620a) having a plurality of 
fourth regions each formed therein and having a through 
hole (611'-2, 612'-2, 613'-2, 614*^-2) and a second 
opening (611-2, 612-2, 613-2, 614-2) at the top, and a 
means (640) for controlling the temperature of the PGR 
amplification reaction mixture, the first member, the 
fourth member, the second member and the third member 
being arranged in that order from above, the first 
through hole and the second filter being opposed to 
each other via the second through hole, the second 
filter and the third filter being opposed to each other, 
and a channel being formed for connecting the first 
filter to the second filter; an irradiation means for 
irradiating the PGR amplification reaction mixture in 
each sample preparation unit with a laser beam (380) 
capable of exciting the fluorophore label labeling the 
copy in the PGR reaction mixture in the direction 
substantially parallel to the second filter in each 
sample preparation unit substantially simultaneously 
for the plurality of sample preparation units ; and a 
detection means for detecting, substantially 
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simultaneously for the plurality of sample preparation 
units, the fluorescence from the fluorophore label 
labeling the copy in the PGR amplification reaction 
mixture in each sample preparation unit in the 
direction substantially perpendicular to the second 
filter. 

35, A method of gene examination using a 

sample preparation instrument comprising a plurality of 
sample preparation units, each having a first, a second 
and a third region, and thus comprising a first member 
(500, 600) having a plurality of first regions each 
formed therein and having a first opening (511-1, 512-1 
513-1, 514-1; 611-1, 612-1, 613-1, 614-1) formed at the 
top and a first filter formed in the lower part thereof 
a second member (520, 620) having a plurality of second 
regions each formed therein and having a second opening 
(511-2, 512-2, 513-2, 514-2; 611-2, 612-2, 613-2, 614- 
2; 611 '-2, 612 '-2, 613 '-2, 614 '~2) formed at the top 
and a second filter in the lower part thereof and a 
• third member (530, 630) having a plurality of third 
regions each formed therein and having a hydrophobic 
third filter, with the first member, the second member 
and the third member being arranged in that order from 
above, which method comprises (1) the step of pouring a 
buffer solution with cells suspended therein into the 
first opening and capturing the cells on the first 
filter, (2) the step of pouring a denaturing agent into 
the first opening and capturing polynucleotides thereby 
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eluted from the cells on the second filter, (3) pouring 
a PCT amplification reaction mixture containing 
reagents for the PGR amplification reaction for 
amplifying the copy of a desired partial target base 
sequence in the polynucleotides captured, inclusive of 
a PGR primer labeled with a fluorophore, into the first 
opening, allowing the PGR amplification reaction 
mixture to be held or retained by the second filter and 
amplifying the copy, (4) the step of irradiating the 
PGR amplification reaction mixture in each sample 
preparation unit with a laser beam 380 capable of 
exciting the fluorophore label labeling the copy in the 
direction substantially perpendicular to the second 
filter in each sample preparation unit substantially 
simultaneously for the plurality of sample preparation 
units and (5) the step of detecting, substantially 
simultaneously for the plurality of sample preparation 
units, the fluorescence from the fluorophore label 
labeling the copy in the PGR amplification reaction 
mixture in each sample preparation unit in the 
direction substantially perpendicular to the second 
filter. 

36. A method of gene examination using a 

sample preparation instrument comprising a plurality of 
sample preparation units, each having a first, a second, 
a third and a fourth region, and thus comprising a 
first member (500) having a plurality of first regions 
each formed therein and having a first opening (511-1, 
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512-1, 513-1, 514-1) formed at the top and a first 
filter formed in the lower part thereof, a second 
member (520) having a plurality of second regions each 
formed therein and having a second opening (511-2, 512- 
2, 513-2, 514-2) at the top and a second filter in the 
lower part thereof, a third member (530) having a 
plurality of third regions each formed therein and 
having a hydrophobic third filter and a transparent 
fourth member (510) having a plurality of fourth 
regions each formed therein and having a through hole 

(511-5, 512-5, 513-5, 514-5), with the first member, 
the fourth member, the second member and the third 
member being arranged in that order from above, the 
first filter and the second filter being opposed to 
each other via the through hole and the second filter 
and the third filter being opposed to each other, which 
method comprises (1) the step of pouring a buffer 
solution with cells suspended therein into the first 
opening and capturing the cells on the first filter, 

(2) the step of pouring a denaturing agent into the 
first opening and capturing polynucleotides thereby 
eluted from the cells on the second filter, (3) pouring 
a PCT amplification reaction mixture containing 
reagents for the PGR amplification reaction for 
amplifying the copy of a desired partial target base 
sequence in the polynucleotides captured, inclusive of 
a PGR primer labeled with a fluorophore, into the first 
opening, allowing the PGR amplification reaction 



mixture to be held or retained and amplifying the copy, 
(4) the step of irradiating the PGR amplification 
reaction mixture in each sample preparation unit with a 
laser beam 380 capable of exciting the fluorophore 
label labeling the copy in the PGR amplification 
mixture in each sample preparation unit in the 
direction substantially parallel to the second filter 
in each sample preparation unit substantially 
simultaneously for the plurality of sample preparation 
units and (5) the step of detecting, substantially 
simultaneously for the plurality of sample preparation 
units, the fluorescence from the fluorophore label 
labeling the copy in the PGR amplification reaction 
mixture in each sample preparation unit in the 
direction substantially perpendicular to the second 
filter in each sample preparation unit. 

37. A method of gene examination using a 

sample preparation instrument comprising a plurality of 
sample preparation units, each having a first, a second 
and a third region, and thus comprising a first member 
(600) having a plurality of first regions each formed 
therein and having a first through hole (601, 602, 603, 
604), a first opening (611-1, 612-1, 613-1, 614-1) 
formed at the top and a first filter formed below the 
first opening, a second member (620) having a plurality 
of second regions each formed therein and having a 
second opening (611-2, 612-2, 613-2, 614-2; 611 '-2, 
612'-2, 613'-2, 614'-2) at the top and a second filter 



in the lower part thereof and a third member (630) 
having a plurality of third regions each formed therein 
and having a hydrophobic third filter, with the first 
member, the second member and the third member being 
arranged in that order from above, the first through 
hole and the second opening (611 '-2, 612 '-2, 613 '-2, 
614^-2) being opposed to each other, the second filter 
and the third filter being opposed to each other and a 
channel being formed for connecting the first filter to 
the second filter, which method comprises (1) the step 
of pouring a buffer solution with cells suspended 
therein into the first opening and capturing the cells 
on the first filter, (2) the step of pouring a 
denaturing agent into the first opening and capturing 
polynucleotides thereby eluted from the cells on the 
second filter, (3) pouring a PCT amplification reaction 
mixture containing reagents for the PGR amplification 
reaction for amplifying the copy of a desired partial 
target base sequence in the polynucleotides captured, 
inclusive of a PGR primer labeled with a fluorophore, 
into the first opening, allowing the PGR amplification 
reaction mixture to be held or retained and amplifying 
the copy, (4) the step of irradiating the PGR 
amplification reaction mixture in each sample 
preparation unit with a laser beam (380) capable of 
exciting the fluorophore label labeling the copy in the 
PGR amplification reaction mixture in each sample 
preparation unit in the direction substantially 



perpendicular to the second filter in each sample 
preparation unit substantially simultaneously for the 
plurality of sample preparation units and (5) the step 
of detecting, substantially simultaneously for the 
plurality of sample preparation units, the fluorescence 
from the fluorophore label labeling the copy in the PGR 
amplification reaction mixture in each sample 
preparation unit in the direction substantially 
perpendicular to the second filter in each sample 
preparation unit. 

38. A method of gene examination using a 

sample preparation instrument comprising a plurality of 
sample preparation units, each having a first, a second, 
a third and a fourth region, and thus comprising a 
first member (600) having a plurality of first regions 
each formed therein and having a first through hole 
(601, 602, 603, 604), a first opening (611-1, 612-1, 
613-1, 614-1) formed at the top, into which a buffer 
solution with cells suspended therein is poured, and a 
first filter formed below the first opening for 
capturing the cells, a second member (620b) having a 
plurality of second regions each formed therein and 
having a second filter for capturing polynucleotides 
eluted from the cells by means of a denaturing agent 
poured from the first opening and holding or retaining 
a PGR amplification reaction mixture containing 
reagents for the PGR amplification reaction for 
amplifying the copy of a desired partial base sequence 
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in the polynucleotides, inclusive of a PGR primer 
labeled with a fluorophore, a third member (630) having 
a plurality of third regions each formed therein and 
having a hydrophobic third filter and a transparent 
fourth member (620a) having a plurality of fourth 
regions each formed therein and having a second through 
hole (611'-2, 612'-2, 613'-2, 614'-2) and a second 
opening (611-2, 612-2, 613-2, 614-2) at the top, with 
the first member, the fourth member the second member 
and the third member being arranged in that order from 
above, the first through hole and the second filter 
being opposed to each other via the second through hole, 
the second filter and the third filter being opposed to 
each other and a channel being formed for connecting 
the first filter to the second filter, which method 
comprises (1) the step of pouring a buffer solution 
with cells suspended therein into the first opening and 
capturing the cells on the first filter, (2) the step 
of pouring a denaturing agent into the first opening 
and capturing polynucleotides thereby eluted from the 
cells on the second filter, (3) pouring a PCT 
amplification reaction mixture containing reagents for 
the PGR amplification reaction for amplifying the copy 
of a desired partial target base sequence in the 
polynucleotides captured, inclusive of a PGR primer 
labeled with a fluorophore, into the first opening, 
allowing the PGR amplification reaction mixture to be 
held or retained and amplifying the copy, (4) the step 
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of irradiating the PGR amplification reaction mixture 
in each sample preparation unit with a laser beam (380) 
capable of exciting the fluorophore label labeling the 
copy in the PGR amplification reaction mixture in each 
sample preparation unit in the direction substantially 
parallel to the second filter in each sample 
preparation unit substantially simultaneously for the 
plurality of sample preparation units and (5) the step 
of detecting, substantially simultaneously for the 
plurality of sample preparation units, the fluorescence 
from the fluorophore label labeling the copy in the PGR 
amplification reaction mixture in each sample 
preparation unit in the direction substantially 
perpendicular to the second filter. 

39. A sample preparation instrument which 

has a plurality of sample preparation units, each 
having a first, a second and a third region, and thus 
comprising a first member (500, 600) having a plurality 
of first regions each formed therein and having a first 
opening (511-1, 512-1, 513-1, 514-1; 611-1, 612-1, 613- 
1, 614-1) formed at the top thereof, into which a 
buffer solution with cells suspended therein is poured, 
and a first filter formed in the lower part thereof for 
capturing the cells, a second member (520, 620) having 
a plurality of second regions each formed therein and 
having a second opening (511-2, 512-2, 513-2, 514-2; 
611-2, 612-2, 613-2, 614-2; 611'-2, 612'-2, 613'-2, 
614 '-2) formed at the top thereof and a second filter. 



in the lower part thereof, for capturing 
polynucleotides eluted from the cells by means of a 
denaturing agent poured through the first opening and 
holding or retaining a PGR amplification reaction 
mixture containing reagents for the PGR amplification 
reaction for amplifying the copy of a desired partial 
base sequence in the polynucleotides, inclusive of a 
PGR primer labeled with a fluorophore, a third member 
(530, 630) having a plurality of third regions each 
formed therein and having a hydrophobic third filter^ 
and a means (540, 640) for controlling the temperature 
of the PGR amplification reaction mixture, the first 
member, the second member and the third member being 
arranged in that order from above. 

40. A sample preparation instrument which 

comprises a plurality of sample preparation units, each 
having a first, a second, a third and a fourth region, 
and thus comprising a first member (500) having a 
plurality of first regions each formed therein and 
having a first opening (511-1, 512-1, 513-1, 514-1) 
formed at the top thereof, into which a buffer solution 
with cells suspended therein is poured, and a first 
filter formed in the lower part thereof for capturing 
the cells, a second member (520) having a plurality of 
second regions each formed therein and having a second 
opening (511-2, 512-2, 513-2, 514-2) at the top thereof 
and a second filter, in the lower part thereof, for 
capturing polynucleotides eluted from the cells by 
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means of a denaturing agent poured through the first 
opening and holding or retaining a PGR amplification 
reaction mixture containing reagents for the PGR 
amplification reaction for amplifying the copy of a 
desired partial base sequence in the polynucleotides, 
inclusive of a PGR primer labeled with a fluorophore, a 
third member (530) having a plurality of third regions 
each formed therein and having a hydrophobic third 
filter, a transparent fourth member (510) having a 
plurality of fourth regions each formed therein and 
having a through hole (511-5, 512-5, 513-5, 514-5), and 
a means (540) for controlling the temperature of the 
PGR amplification reaction mixture, the first member, 
the fourth member, the second member and the third 
member being arranged in that order from above, the 
first filter and the second filter being opposed to 
each other via the through hole, and the second filter 
and the third filter being opposed to each other.- 

41. A sample preparation instrument which 

comprises a plurality of sample preparation units, each 
having a first, a second and a third region, and thus 
comprising a first member (600) having a plurality of 
first regions each formed therein and having a first 
through hole (601, 602, 603, 604), a first opening 
(611-1, 612-1, 613-1, 614-1) formed at the top thereof, 
into which a buffer solution with cells suspended 
therein is poured, and a first filter formed below the 
first opening for capturing the cells, a second member 
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(620) having a plurality of second regions each formed 
therein and having a second opening (611-2, 612-2, 613- 
2, 614-2; 611'-2, 612'-2, 613'-2, 614'-2) at the top 
and a second filter, in the lower part thereof, for 
capturing polynucleotides eluted from the cells by 
means of a denaturing agent poured through the first 
opening and holding or retaining a PGR amplification 
reaction mixture containing reagents for the PGR 
amplification reaction for amplifying the copy of a 
desired partial base sequence in the polynucleotides, 
inclusive of a PGR primer labeled with a fluorophore, a 
third member (630) having a plurality of third regions 
each formed therein and having a hydrophobic third 
filter, and a means (640) for controlling the 
temperature of the PGR amplification reaction mixture, 
the first member, the second member and the third 
member being arranged in that order from above, the 
first through hole and the second opening (611 '-2, 
612 '-2, 613 '-2, 614 '-2) being opposed to each other, 
the second filter and the third filter being opposed to 
each other, and a channel being formed for connecting 
the first filter to the second filter. 

42. A sample preparation instrument which 

comprises a plurality of sample preparation units , each 
having a first, a second, a third and a fourth region, 
and thus comprising a first member (600) having a 
plurality of first regions each formed therein and 
having a first through hole (601, 602, 603, 604), a 
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first opening (611-1, 612-1, 613-1, 614-1) formed at 
the top thereof, into which a buffer solution with 
cells suspended therein is poured, and a first filter 
formed below the first opening for capturing the cells, 
a second member (620b) having a plurality of second 
regions each formed therein and having a second filter 
for capturing polynucleotides eluted from the cells by 
means of a denaturing agent poured through the first 
opening and holding or retaining a PGR amplification 
reaction mixture containing reagents for the PGR 
amplification reaction for amplifying the copy of a 
desired partial base sequence in the polynucleotides, 
inclusive of a PGR primer labeled with a fluorophore, a 
third member (630) having a plurality of third regions 
each formed therein and having a hydrophobic third 
filter, a transparent fourth member (620a) having a 
plurality of fourth regions each formed therein and 
having a second through hole (611 '-2, 612 '-2, 613 '-2, 
614 '-2) and a second opening (611-2/ 612-2, 613-2, 614- 
2) at the top, and a means (640) for controlling the 
temperature of the PGR amplification reaction mixture, 
the first member, the fourth member, the second member 
and the third member being arranged in that order from 
above, the first through hole and the second filter 
being opposed to each other via the second through hole, 
the second filter and the third filter being opposed to 
each other, and a channel being formed for connecting 
the first filter to the second filter. 
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43. A sample preparation instrument which 

comprises a sample preparation unit (100) having an 
upper opening, into which a buffer solution with cells 
suspended therein is poured, a lower opening for . 
discharging a waste liquor, a channel connecting the 
openings, a first filter (110) for capturing the cells, 
a second filter (130) for capturing polynucleotides 
eluted from the cells by means of a denaturing agent 
poured through the first opening and holding or 
retaining a PGR amplification reaction mixture 
containing reagents for the PGR amplification reaction 
for amplifying the copy of a desired partial base 
sequence in the polynucleotides, inclusive of a PGR 
primer labeled with a fluorophore, and a hydrophobic 
third filter (140) , the filters being arranged in that 
order in the channel in the direction from the upper 
opening to the lower opening; a holding member (200) 
for holding the sample preparation unit; and a means 
(210) for controlling the temperature of the PGR 
amplification reaction mixture. 



ABSTRACT OF THE DISCLOSURE 

The sample preparation instrument: according to 
the invention comprises a sample preparation unit (100) 
comprising an upper opening, into which a buffer 
solution with cells suspended therein is poured, a 
lower opening, through which a waste liquor is 
discharged, and a channel connecting these openings and 
provided with a first filter (110) for capturing the 
cells, a second filter (130) for capturing 
polynucleotides eluted from the cells by means of a 
denaturing agent poured into the upper opening and 
holding or retaining a PCR amplification reaction 
mixture containing reagents for the PCR amplification 
reaction for amplifying the copy of a desired partial 
target base sequence in the polynucleotides captured, 
inclusive of a PCR primer labeled with a fluorophore 
and a hydrophobic third filter (140) , the three filters 
being arranged in the channel in that order in the 
direction from the upper opening to the lower opening, 
a holding member (200) for holding the sample 
preparation unit and a means (210) for controlling the 
temperature of the PCR amplification reaction mixture. 
It makes it possible to carry out all the steps, from 
sample pretreatment to PCR amplification and PCR 
product detection, in a continuous manner, thus prevent 
contamination between steps and facilitate simultaneous 
treatment of a number of specimens. 
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Full name of second joint inventor, if any 






Second inventors signature Date / 1 / , / 






Residence ^ ^ . 


Citizenship 
Japan 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi BIdg. 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 






Full name of third joint inventor, if any 
l^gunori OKANXD — 
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Third inventor's signature Date / 


im 




Residence ^ , ^ 
Shiki. Japan Jj X 


Citizenship 
Japan 






Post Office Address 

c/o Hitachi, Ltd., intellectual Property Gro\xp 
New Marunouchi Bldg. 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 






Full name of fourth joint inventor, if any 
Ouii MIYAHARA 






Fourth inventor's signature Date 






Residence ^ "T^/O 
Kodalra. Japan ^ rl/' 


Citizenship 
Japan 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi BIdg. 5-1 , Marunouchi 1 -chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 
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Fifth inventor's signature Date 






Residence 


mm 




Citizenship 






Post Office Address 



{W,:^^^W<0^m%m^\^^^'^X^^mm\^mi^\^. l-^^l- (Supply similar information and signature for sixth and 
^^t) subsequent joint inventors.) 
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